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ABSTRACT 

This review paper discusses certain important problems pertinent to the 
origin of solar wind during the years of low solar activity. 

The outflow of gases from places free of active regions is considered in 
section 1. Analysis of general structural properties of the solar corona, as 
shown in Figure 2, and of tinier structural details of the corona leads to the 
following conclusions: 

a) the hypothesis concerning the general magnetic field of the Sun of di- 
pole character is beset with a series of difficulties; 

b) the gas outflow inside coronal streamers is apparently slower than the 
outflow of gases from other unperturbed regions of the Sun. 

The problem oflocalization on the Sun of sources of quasistationary corpus- 
cular streams (QSCS) is discussed in section 2. It is pointed out that the so- 
lution of this problem must take into account the subdivision of recurrent 
magnetic dibturbances into two types: the usual R-disturbances and the classical 
M-disturbances (refer to Table 1). 

The analysis of all available data performed in section 2, confirms the 
conclusions arrived at by the present author in [45, 463 that the main source 
of QSCS is in the optical-magnetic phase of active regions (refer to the model 
of such a stream in Figures 4 and 8). These streams induce the R-disturbances. 

The discussion shows that the most prdbable source of M-disturbances, which 
are relatively scarce, is in QSCS originating mainly in the magnetic, trailing 
phase of active regions. 

(*) This review paper is a revised and broadened version of the report 
presented at the IGSY-COSPAR Symposium (London, July 1967). 
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The problem of l i n e a r  dimensions of QSCS sources  is discussed  i n  s e c t i o n  3 .  
Basing ou r se lves  on t h e  very  long du ra t ion  AT of numerous geomagnetic d i s tu rb -  
ances  of t h e  R- and M-types i n  pe r iods  of low s o l a r  a c t i v i t y ,  w e  r each  t h e  con- 
c l u s i o n  t h a t  t h e  QSCS sources  under cons ide ra t ion ,  which induce t h e s e  d i s t u r b -  
ances ,  are l o c a t e d  above t h e  active reg ions  w i t h i n  t h e  s o l a r  corona, where they  
are cons iderably  expanded i n  long i tude  and comparatively autonomous i n  t h e i r  
occur rence  

Besides ,  d i scussed  a l s o  i n  s e c t i o n  3 is  t h e  ques t ion  of o r i g i n  of seasonal  
The conclusion is drawn t h a t  t h e s e  f l u c -  

a) t h e  approximate r a d i a l i t y  of QSCS 
v a r i a t i o n s  of geomagnetic a c t i v i t y .  
t u a t i o n s  are t h e  r e s u l t  of two f a c t o r s :  
and b) t h e  v a r i a t i o n  i n  t h e  course  of t h e  year  of t h e  geomagnetic a x i s  rela- 
tive t o  t h e  d i r e c t i o n  Sun - Ear th .  

Some problems of t h e  o r i g i n  of q u a s i s t a t i o n a r y  gas  outf low from t h e  Sun 
are d iscussed  i n  s e c t i o n  4 .  I n  a number of cases  t h e  presence of long-l ived 
sequences of i n t e n s e  r e c u r r e n t  geomagnetic d i s tu rbances  i n  t h e  absence at t h a t  
t i m e  of s t eady  r eg ions  on t h e  Sun wi th  increased  f l o c c u l a r  and coronal  in ten-  
s i t y  a l lows  u s  t o  formula te  a hypo thes i s ,  according t o  which c e r t a i n ,  rela- 
t i v e l y  s t a t i o n a r y  processes  of nonthermal o r i g i n  may t a k e  p l ace  w i t h i n  ve ry  
expanded coronal  r eg ions ,  of which t h e  c e n t e r  is  loca ted  above t h e  a c t i v e  re- 
g ions .  
paper. 

This  conclusion is  a l s o  cor robora ted  by o t h e r  f a c t s  d e a l t  w i th  i n  t h i s  

* 
* *  

INTRODUCTION 

The problem of s o l a r  wind o r i g i n  is a q u i t e  complex one. For i t s  s o l u t i o n '  
every  phase of t h e  s o l a r  a c t i v i t y  cyc le  mus t  be d iscussed  independent ly .  
s h a l l  d i s c u s s  i n  th& p r e s e n t  paper most ly  t h e  low level of s o l a r  a c t i v i t y .  

W e  

It is q u i t e  important  t o  stress a t  t h e  o u t s e t  t h a t  of a l l  phases  of t h e  
s o l a r  a c t i v i t y  cyc le  (minimum, ascending branch, maximum, decsending branch) 
t h e  most s p e c i f i c  is  t h e  s o l a r  a c t i v i t y  minimum. 
maximum c h a r a c t e r i z e s  t h e  cyc le  mostly from its q u a n t i t a t i v e  a spec t  ( g r e a t e s t  
number of active reg ions ,  sunspots ,  f l a r e s  e t c . . ) ,  t h e  c y c l e  minimum c o n s t i t u -  
tes a c e r t a i n ,  ve ry  important  and a t  t h e  same time ve ry  complex t r a n s i t i o n a l  
phase of s o l a r  a c t i v i t y  development. 
enumerated h e r e a f t e r ,  are observed p r e c i s e l y  during s o l a r  a c t i v i t y  minimum 

mile t h e  s o l a r  a c t i v i t y  

L e t  us  recall t h a t  t h e  fundamental- even t s  

a) S u b s t i t u t i o n  of t h e  low- la t i tude  b e l t  of s o l a r  a c t i v i t y  by t h e  high- 
l a t i t u d e  one; 

b) c h a r a c t e r  v a r i a t i o n  t a k e s  p l ace  i n  t h e  magnetic f i e l d  p o l a r i t y  i n  sun- 
s p o t s  of b i p o l a r  groups. 

This  complexity of t h e  t r a n s i t i o n a l  per iod  i n  s o l a r  a c t i v i t y  development 
i s  a l s o  mani fes t  i n  numerous o t h e r  s p e c i f i c  processes  tak ing  p l ace  i n  t h e  Sun's 
atmosphere and, n a t u r a l l y ,  i n  i t s  deepes t  l a y e r s  a t  time of minimum and i n  its 
v i c i n i t y .  One may th ink ,  f o r  i n s t a n c e ,  t h a t  such p e c u l i a r  phenomenon as cor- 
puscular  streams inducing c l a s s i c a l  M-disturbances, are p r e c i s e l y  caused by t h e  
i n d i c a t e d  processes .  
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Thus, wh i l e  s tudying  t h e  gas  outf low from t h e  Sun during low s o l a r  act i -  
v i t y ,  w e  must a l l  t h e  t i m e  bea r  i n  mind t h e  s i n g u l a r i t i e s  t h a t  t h i s  per iod  
c h a r a c t e r i z e s .  

For t h e  sake  of c l a r i t y  of t h i s  expos; w e  s h a l l  cons ider  v a r i o u s  types of 
gas  outf low from t h e  Sun independent ly .  
a c t i v i t y  is under cons ide ra t ion ,  when sporadic  geomagnetic d i s tu rbances  induced 
by ch rmospher i c  f l a r e s  are n e a r l y  absent ,  w e  s h a l l  forego  t h e  cons ide ra t ion  
of gas  e j e c t i o n  from them. 

Since most ly  t h e  per iod  of low s o l a r  

Our a i m  i n  t h e  p re sen t  paper is no t  t o  provide  a gene ra l  expounding of 
t h e  problem of gas  outf low from Sun. For t h a t  w e  s h a l l  r e f e r  ou r  r eade r  t o  
a series of s p e c i a l i z e d  papers  and reviews a v a i l a b l e  i n  l i terature [I - 81. 
The main problem d e a l t  w i th  he re  is t h e  d i scuss ion  of t h e  most deba tab le  
ques t ions  r e l a t e d  t o  t h e  a s c e r t a i n i n g  of t h e  machanism of gas  out f low from 
t h e  Sun. For t h a t  reason,  i n  p a r t i c u l a r ,  t h e  la tes t  r e s u l t s  concerning t h e  
i n t e r p l a n e t a r y  plasma w i l l  be  debated only  t o  t h e  e x t e n t  of t h e i r  r e l a t i o n -  
s h i p  wi th  t h e  problem under d i scuss ion ,  

* 
* *  

1. SOLAR WIND FROM THE UNPERTURBED REGIONS OF THE SUN 

According t o  contemporary r ep resen ta t ions ,  t h e  main source  of s o l a r  wind 
is  t h e  s o l a r  corona. The k i n e t i c  temperature  of i ts  lower l a y e r s  (of about  
1.5 m i l l i o n  degrees  as a n  average [9]) is  s o  high t h a t  gases  of t h e  corona can- 
n o t  be i n  t h e  s ta te  of hydrodynamic equi l ibr ium.  To t h e  con t r a ry ,  t h e  corona 
must be i n  a s ta te  of cont inuous expansion, and t h i s  process  should be  desc r i -  
bed by t h e  hydrodynamic (o r ,  t o  be more p r e c i s e ,  magnetohydrodynamic) equat ions .  
The i n t e g r a t i o n  of t h e s e  equat ions  l e a d s  t o  t h e  conclusion t h a t  t h e  i n t e r p l a -  
ne t a ry  space  must be  f i l l e d  by h o t  plasma of coronal  o r i g i n ,  cont inuously moving 
from t h e  Sun i n  an approximately r a d i a l  d i r e c t i o n  w i t h  supersonic  v e l o c i t i e s  
of t h e  o rde r  of several hundred k i lome te r s  p e r  second. 
viewpoint t h i s  problem has  been t h e  o b j e c t  of f u l l e s t  t rea tment  by Parker  [ 2 ] .  
The methods and t h e  r e s u l t s  of t h e  r e s p e c t i v e  c a l c u l a t i o n s ,  as w e l l  as t h e  com- 
pa r i son  of theory  w i t h  observa t ions  has  been a l r eady  represented  q u i t e  w e l l  i n  
t h e  earlier c i t e d  works, so t h a t  we  s h a l l  no t  pause he re  upon them. A s  t o  t h e  
ques t ion  whether some a d d i t i o n a l  mechanisms (with t h e  except ion  of t h e  pure ly  
thermal ) ,  l i k e l y  t o  create a s u f f i c i e n t l y  i n t e n s e  and comparatively s t a t i o n a r y  
i n  t i m e  gas  outf low from t h e  Sun, are p resen t ,  t h i s  ques t ion  w i l l  be  d iscussed  
i n  s e c t i o n  4 of t h i s  paper.  

From t h e  mathematical  

It is w e l l  known t h a t  t h e  s o l a r  corona, s tud ied  p a r t i c u l a r l y  during t o t a l  
s o l a r  e c l i p s e s ,  reveals a ve ry  complex s t r u c t u r e  [ l o ,  11, 1 2 ,  131. That t h i s  
s t r u c t u r e  p l ays  a ve ry  g r e a t  r o l e  i n  t h e  problem of s o l a r  wind i s  beyond any 
doubt.Therefore,  w e  must d i s c u s s  i n  t h e  f i r s t  p l a c e - t h e  ques t ion  of r e l a t i o n -  
s h i p  between coronal  s t r u c t u r e s  ( r a y s  and o t h e r s )  and t h e  magnetic f i e l d s  of 
t h e  photosphere.  

The i n v e s t i g a t i o n  of type-I comet t a i l s  ( a f t e r  F. Bredikhin [14]) and more 
p a r t i c u l a r l y  of comets observed a t  h igh  e c l i p t i c a l  l a t i t u d e s ,  shows t h a t  a suf-  
f i c i e n t l y  intense s o l a r  wind proceeds from t h e  whole Sun and no t  only from 
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low l a t i t u d e  reg ions .  However, i t  i s  appropr i a t e  t o  consider  s e p a r a t e l y :  1) 
t h e  circumpolar r eg ions  of t h e  Sun; 2) t h e  remaining, comparativly low l a t i t u d e  
reg ions .  

1) Circumpolar Regions of t h e  Sun 

Photographs of t h e  s o l a r  corona obtained a t  t i m e  of s o l a r  e c l i p s e s  r e v e a l  
i n  yea r s  of s o l a r  a c t i v i t y  minimum w e l l  known p o l a r  r a y s ,  t h e  so  c a l l e d  "polar  
brushes".  The s p e c i f i c  form of p o l a r  r a y s  has  f o r  a long t i m e  been considered 
as evidence of t h e  presence a t  t h e  Sun of a magnetic f i e l d  of d i p o l e  cha rac t e r ,  
wi th  a d i p o l e  a x i s  co inc id ing  wi th  t h e  a x i s  of r o t a t i o n  of t h e  Sun. However, 
s e v e r a l  d i f f i c u l t i e s  arise i n  connect ion wi th  t h i s  hypothes is :  

a )  The i n v e s t i g a t i o n s  by A. B. Severnyy [15 ] ,  conducted by means of magne- 
tographs wi th  high angular  r e s o l u t i o n  (5" - l o " ) ,  show a t  h igh  l a t i t u d e s  t h a t  t h e  
magnetic f i e l d  of t h e  Sun i s  determined by a mul t i t ude  of s e p a r a t e  elements of 
d i f f e r e n t  (!) p o l a r i t y ,  i n t e n s i t y  and l e n g t h  of t h e  e n t i r e  d i s k  of t h e  Sun, 
which began t o  be publ ished i n  1967 E161 ( see  F ig .1  obta ined  a t  t h e  Crimean 
Ast rophys ica l  Observatory and t h e  Mount-Wilson's magnetograms 
obta ined  wi th  a smaller angular  r e s o l u t i o n  of 23"). 

The la t te r  are 

I f  w e  exclude from cons ide ra t ion  t h e  a c t i v e  reg ions ,  a l l  such kind of 
c h a r t s  do no t  u s u a l l y  i n d i c a t e  any p reva len t  d i r e c t i o n  of a x i s  i n  t h e  gene ra l  
magnetic f i e l d  of t h e  Sun. 

Because of a s imultaneous presence of areas wi th  d i f f e r e n t  p o l a r i t y ,  t h e  
r e s u l t i n g  f i e l d  (mean f i e l d  f l u x  i n  t h e  circumpolar reg ion)  may even be  zero.  
Such w a s  t h e  case, f o r  example, i n  t h e  f i r s t  p a r t  of 1964 a t  t h e  Sun's south  
pole .  
i n  both poles .  A f a i r l y  c l e a r l y  expressed magnetic asymmetry of t h e  Sun i n  
t h e  sense  of overbalance of Sun's magnetic f i e l d  f l u x  of one s i g n ,  and so f o r t h  
w a s  observed i n  i s o l a t e d  pe r iods  of 1964-1965 [15, 161. 

I n  September-November 1965 t h e  f i e l d  w a s  of i d e n t i c a l  p o l a r i t y  (southern)  

b) The mean va lues  of t h e  f i e l d  (a  f i e l d ,  averaged by a l l  l ong i tude  va lues  
is  taken f o r  each l a t i t u d e )  i n d i c a t e  a course of i n t e n s i t y  wi th  l a t i t u d e  which 
is d i s t i n c t  from t h e  d i p o l e  f i e l d  [15, 1 7 1 .  I n  p a r t i c u l a r ,  t h e r e  are no essen- 
t i a l  d i f f e r e n c e s  i n  t h e  i n t e n s i t y  of t h e  gene ra l  f i e l d  a t  high l a t i t u d e s  and on 
l o w  ones,  provided i n  t h e  l a t te r  case t h e  f i e l d  i n t e n s i t i e s  are measured between 
t h e  a c t i v e  reg ions .  

The d e t a i l e d  s tudy  of p o l a r  coronal  r a y s  a l s o  raises a series of ques t ions .  
Thus, according t o  [ 18 ] ,  t h e  divergence of p o l a r  r a y s  wi th  d i s t a n c e  i s  g r e a t e r  
than  i n  a d i p o l e  f i e l d ,  whereupon t h e  r a y  i n c l i n a t i o n  may vary  wi th  t h e  phase 
of t h e  s o l a r  a c t i v i t y  cycle .  Besides ,  i t  is  found i n  t h e  d e t a i l e d  s tudy  by 
V. I. Ivanchuk [ 19 ]  t h a t  p o l a r  r ays  are cha rac t e r i zed  by a r a t h e r  d i f f e r e n t  
degree of expansion (widening) wi th  d i s t a n c e ,  n o t  on ly  f o r  v a r i o u s  e c l i p s e s ,  
bu t  even w i t h i n  t h e  bounds of a s i n g l e  corona ' s  p o l a r  cap. 
t h i s ,  conclusion w a s  drawn i n  t h e  works [19, 201 t h a t  t h e  magnetic f i e l d  of 
every po la r  r ay  is  t o  a cons iderable  degree  " loca l"  o r  autonomous, and t h a t  
t h e  source  of such f i e l d s  may be loca ted  not  on ly  i n  t h e  sub-photospheric l a y e r s  
bu t  i n  t h e  corona i t s e l f .  

I n  connect ion wi th  
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Summing up t h e  above cons ide ra t ions ,  w e  may indeed d e r i v e  t h e  conclusion 
t h a t  t he  hypothes is  on t h e  presence near  t h e  Sun of a genera l  magnetic f i e l d  
of d i p o l e  c h a r a c t e r  c u r r e n t l y  meets wi th  a series of d i f f i c u l t i e s  and t h a t ,  
apparent ly ,  p o l a r  coronal  r ays  ar ise  as a r e s u l t  of those  complex processes  
t h a t  l ead  t o  t h e  occurrence of t h e  s o l a r  wind i t s e l f .  

02.00.65. 

N 

Fig  .1 

Chart of magnetic f i e l d  d i s t r i b u t i o n  on t h e  Sun 
obta ined  a t  t h e  Crimean Ast rophys ica l  Observatory 

wi th  h igh  angular  r e s o l u t i o n  

I n  connect ion wi th  t h e  above, t h e  u s e  of t h e  d i p o l e  f i e l d  f o r  t h e  s tudy  
of t h e  gene ra l  s t r u c t u r e  of s o l a r  corona ( a s  was done, f o r  example, i n  [2], [21], 
ca l l s  f o r  s p e c i f i c  ob jec t ions  ( see  a l s o  t h e  subsequent t e x t ) .  It i s  q u i t e  
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p o s s i b l e  t h a t  a t  h igh  l a t i t u d e s  t h e  magnetic f i e l d s  of t h e  Sun are caused by 
migra t ion  toward t h e s e  l a t i t u d e s  of t h e  magnetic f i e l d s  of a c t i v e  reg ions  ( r e f .  
[22, 231). However, t h i s  problem is obviously q u i t e  complex and r e q u i r e s  f u r t h e r  
i n v e s t i g a t i o n s .  I n  connect ion wi th  t h i s ,  w e  should p o i n t  t o  t h e  work r e f .  [24] ,  
i n  which a t tempt  has  been made t o  show how t h e  genera l  magnetic f i e l d  of t h e  
Sun can be cons t ruc ted  a t  t h e  expense of t u rbu len t  motions of s o l a r  plasma and 
of Sun's r o t a t i o n .  (Note t h a t  t h e  same can a l s o  be r e f e r r e d  t o  s t a r s ) .  

2 .  Low-lati tude Regions of t h e  Sun 

For f u r t h e r  d i scuss ion  w e  b r ing  f o r t h  i n  F igure  2 t h e  c l a s s i f i c a t i o n  of 
coronal  shapes as cons t ruc ted  by A. T. Nesmeyanovich and borrowed from [ l l ] ,  
p . 7 7 .  This  c l a s s i f i c a t i o n  i s  based upon c a r e f u l  a n a l y s i s  of a g r e a t  number of 
e c l i p s e s  and t akes  account of t h e  most c h a r a c t e r i s t i c  s i n g u l a r i t i e s  of corona 
s t r u c t u r e  f o r  v a r i o u s  phases of s o l a r  a c t i v i t y .  The "a" corona i n  Fig.2 cor- 
responds t o  s o l a r  a c t i v i t y  maximum, 
t h e  "A" corona is a n  ideally-mini- 
mum type of corona; r e l a t e d  t o  t h i s  
l a t t e r  type  are  t h e  1934 and 1944 
coronas.  Note t h a t  t h e  most charac- 
t e r i s t i c  p r o p e r t i e s  of t h e  gene ra l  
t ype  of corona are determined by t h e  
l a t i t u d e  d i s t r i b u t i o n  of extended 
coronal  r ays  i n  t h e  near -so lar  space,  
t h a t  is, of streamers. I n  accord 
wi th  t h e  terminology introduced i n  
[25, 261, w e  s h a l l  a l s o  r e f e r  t o  t h e s e  
r ays  as II - rays 

I n  connect ion wi th  Fig.2 t h e r e  i s  
another  remark t h a t  w e  wish t o  make, 
which would a t t e s t  about t h e  absence 
on t h e  Sun of a gene ra l  magnetic f i e l d .  

Indeed, t h e r e  is no r e l a t i o n -  
s h i p  of any kind between t h e  coronal  
s t r u c t u r e s  of t h e  southern  and north-  
e r n  hemispheres (according t o  e c l i p s e  

Fig.  2 

C l a s s i f i c a t i o n  of coronal  shapes 
f o r  v a r i o u s  phases of s o l a r  ac t i -  
v i t y  a f t e r  A .  T. Nesmeyanovich E113 

photographs) a t  low and middle l a t i t u d e s .  The coronal  s t r u c t u r e s  of oppos i te  
hemispheres behave more o r  less independent ly .  This  is i l l u s t r a t e d  i n  F igures  
2B, 2 r  b y n - r a y s  o r i g i n a t i n g  a t  middle l a t i t u d e s .  It i s  l i t t l e  probable  t h a t  
such r ays ,  proceeding from t h e  southern  and no r the rn  hemispheres, may j o i n  
somewhere a t  very  g r e a t  d i s t a n c e s  from t h e  Sun. 

The g r e a t e s t  i n t e r e s t  is o f fe red  by t h e  ideally-minimum type  of corona, 
f o r  he re  t h e  in f luence  of s o l a r  a c t i v i t y  is  minimum. A s  is  shown i n  [ 2 7 ] ,  
a corona of t h e  g iven  type  r e p r e s e n t s  a system of a s u b s t a n t i a l  number of 
f a n s ,  ending by r a y s  s t r e t c h e d  almost i n  t h e  s o l a r  e q u a t o r i a l  p lane  ( ! I .  
Even a t  g r e a t  d i s t a n c e s  from t h e  Sun t h e  r a y s  i n  ques t ion  proceed more o r  
less p a r a l l e l w i s e  wi th  r e s p e c t  t o  one another ;  a t  t h e  same t i m e  no merging 
of any kind between neighboring r a y s  i s  observed. Th i s  r e f e r s  i n  p a r t i c u l a r  
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t o  r ays  o r i g i n a t i n g  from oppos i t e  Sun ' s  hemispheres ( s e e  the  corona of t h e  
s o l a r  e c l i p s e  of 30 June 1954 mentioned i n  t h e  Vsekhsvyatskiy's work [ 2 8 ] ) .  
Nor is  t h e r e  any l i n k  (on e c l i p s e  photographs) between t h e  f i n e  s t r u c t u r e  
of t h e  corona of no r the rn  and sou the rn  hemispheres. 

The proper ty  of t h e  ideally-minimum type coronas t~ lcc--;e themselves 
along t h e  e q u a t o r i a l  p lane  a t  g r e a t  d i s t a n c e s  from t h e  Sun means t h a t  maximum 
amount of coronal  gases  i s  concent ra ted  i n  t h e  s o l a r  e q u a t o r i a l  p lane .  Assume 
now t h a t  t h e s e  gases  c o n s t i t u t e  a man i fe s t a t ion  of s o l a r  wind. W e  should 
then expec t  t h a t  t h e  Ear th  should h i t  t h e  f l u x e s  of t h e  most dense plasma (from 
t h e  ideally-minimum type  of corona) a t  t h e  moments of t i m e  when i t  i s  i n t e r -  
s e c t e d  by t h e  p lane  of s o l a r  equa to r  (B  = O " ,  June ,  December). Besides, one 
can ha rd ly  doubt t h a t  t h e  g e n e r a l  shape of P r a y s  ( s t reamers)  is t o  a s i g n i f i -  
can t  e x t e n t  determined by "frozen-in" magnetic f i e l d s  [ l l ] .  Therefore ,  one 
should expect t h a t  a t  j u s t  i n d i c a t e d  moments of t i m e  t h e  Ear th  must h i t  t h e  
reg ions  t h a t  are c h a r a c t e r i z e d  n o t  only by a r e l a t i v e l y  inc reased  dens i ty  of 
s o l a r  p l a sma ,  bu t  a l s o  by increased  i n t e n s i t y  of t he  magnetic f i e l d s .  However, 
t h e  a v a i l a b l e  d a t a  do no t  confirm t h i s .  Thus, f o r  example, i n  t h e  middle of 
1954, when t h e  ideally-minimum corona w a s  observed, t h e  geomagnetic a c t i v i t y  
has  d i sc losed  an  oppos i t e  e f f e c t ,  t h a t  i s ,  two weak e q u i n o c t i a l  maxima, which 
corresponded t o  " res idues"  of sources  of M-disturbances on t h e  Sun [29].  
Even judging from a l l  measurements c a r r i e d  o u t  dur ing  t h e  l a s t  s o l a r  a c t i v i t y  
minimum wi th  t h e  a i d  of space  probes ,  a t  t h e  moments of t i m e  Bo = 0" t h e s e  
probes f a i l e d  t o  i n d i c a t e  any enhancement of e i t h e r  s o l a r  plasma f l u x e s  o r  
a m p l i f i c a t i o n  of i n t e r p l a n e t a r y  magnetic f i e l d s !  

- 

I t  i s  t r u e ,  however, t h a t  t h e  absence of t h e  i n d i c a t e d  e f f e c t s  could pos- 
s i b l y  be expla ined  by admi t t ing  t h a t  a t  g r e a t  d i s t a n c e s  from t h e  Sun t h e  stream- 
ers expand s o  much, t h a t  t h e  v a r i a t i o n  of he l iog raph ic  l a t i t u d e  of t h e  Ea r th  
i n  t h e  range from 0 t o  t 7 . 2 " i s  t oo  small  f o r  t h e i r  d e t e c t i o n .  But  t h i s  assump- 
t i o n  i s  i n  c o n t r a d i c t i o n  wi th  t h e  f i n d i n g s  of Pioneer-8's  estimates t h a t  t h e  
diameter of separate i n t e r p l a n e t a r y  ray-tubes on t h e  E a r t h ' s  o r b i t  is  only  3 
m i l l i o n  k i lome te r s  [30] .  A t  t h e  same t i m e  t h e  d i s t a n c e  of t h e  Ear th  from t h e  
equa to r i a lp l ane  a t  t i m e  of equinoxes ( B o  27") i s  about 20 m i l l i o n  km. 

And, g e n e r a l l y ,  a series of f a c t s  d i scussed  i n  [25 ,  26, 1, 31 ,  321, 
convey t h e  i d e a  t h a t ,  d e s p i t e  t h e  g r e a t  v i s i b l e  ex tens ion  of TI-rays, they do 
no t  "hold out"  t o  d i s t a n c e s  comparable wi th  t h e  d i s t a n c e  Sun-Earth, and even 
i f  they do s o ,  i t  i s  i n  a cons iderably  a t t e n u a t e d  form. 

I n  connection wi th  t h i s  w e  should p o i n t  t o  t h e  work by Bohlin,  Hansen & 
Newkirk [33 ] ,  who s t u d i e d  t h e  s p a t i a l  s t r u c t u r e  of one l a r g e  streamer wi th  a 
base  extending between t h e  l a t i t u d e  30 and 66".  The au tho r s  reach  t h e  con- 
c l u s i o n  t h a t  t h e  d i s t r i b u t i o n  of v e l o c i t i e s  found from t h e  " s p i r a l "  shape of 
t h e  streamer ben t  by r o t a t i o n ,  is  i n  agreement wi th  t h e  conclus ion  of s o l a r  
wind theory and is c h a r a c t e r i z e d  by t h e  following parameters:  i n i t i a l  velo- 
c i t y  6 10 km/sec, and a t  t h e  d i s t a n c e  r / R o  equa l  t o  4.5,  t h i s  v e l o c i t y  con- 
s t i t u t e s  about 60 km/sec. 
r e l i a b i l i t y  of t h e  r e s p e c t i v e  obse rva t ions ,  t h e  i n d i c a t e d  d a t a  are no t  i n  
c o n t r a d i c t i o n  wi th  t h e  above, our  bwn conclusfon. Indeed, streamers are ex- 
tremely s t r e t c h e d  (extended) formations [25, 261 and only  t h i s  a l r eady  requi- 
res s u f f i c i e n t l y  h igh  plasma v e l o c i t i e s  f o r  t h e i r  emergence and ex i s t ence .  
(Refer t o  [l], p.228). - 

However, wi thout  speaking of t h e  s t i l l  i n s u f f i c i e n t  
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One should b r ing  f o r t h  s t i l l  another  argument i n  favor  of t he  i d e a  t h a t  
streams of the  ideal-minimum type  corona (and, by t h e  same token, of c l o s e  
types)  do n o t  c o n s t i t u t e  an  i n t e n s e  source  of s o l a r  wind. Indeed, i f ,  as t h i s  
would fo l low from Fig.2 , t h e  s o l a r  wind i n t e n s i t y  i n s i d e  t h e  streamers w e r e  
r e l a t o v e l y  h igh ,  t h i s  would ?e mani fes t  i n  t h e  i n t e n s i f i c a t i o n  of type-1 t a i l s  
a t  those moments of t i m e ,  when t h e s e  comets (a t  epochs of a c t i v i t y  minimum) 
c r o s s  the  s o l a r  equator .  However, judging from a l l  cons ide ra t ions ,  t h i s  i s  
no t  observed. It is t r u e  t h a t  t h e  s t a t i s t i ca l  d a t a  compiled i n  [14]  show 
t h a t ,  apparent ly ,  i n  t h e  r eg ion  of lowest  e c l i p t i c a l  and consequently he l io -  
graphic  l a t i t u d e s ,  t h e r e  i s  observed a c e r t a i n  l ts ta t is t ical"  excess of comets 
wi th  type-1 t a i l .  However, t h i s  f a c t  ha rd ly  r e f e r s  t o  t h e  problem u d e r  d i s  
cuss ion ,  f o r  according t o  F ig .2 ,  t h e  e q u a t o r i a l  corona concent ra tes  i n  t h e  
s o l a r  e q u a t o r i a l  p l ane  only i n  t h e  course of comparatively s h o r t  t i m e ,  p r ec i -  
s e l y  a t  t h e  moment of s o l a r  a c t i v i t y  minimum (Fig.2 1. A t  t h e  same t i m e ,  t h e  
s t a t i s t i ca l  d a t a  d iscussed  i n  [14] cover  t h e  whole s o l a r  cyc le .  

I n  connect ion wi th  t h e  above t h e  ques t ion  may b e  r a i s e d  as t o  which 
reg ions  of t he  Sun t h e  s o l a r  wind o r i g i n a t e s  from? Apparently,  t h e  answer 
would be as fol lows.  The source  of t h e  s o l a r  wind is p r a c t i c a l l y  the  e n t i r e  
area of t h e  unperturbed Sun, inc luding  t h e  reg ions  occupied by t h e  base  of 
streamers. I n  t h i s  l a t te r  case t h e  s o l a r  wind gases  may pass  between i s o l a -  
t ed  elements of streamers' f i n e  s t r u c t u r e .  One should bear  i n  mtnd t h a t  such 
a s t r u c t u r e  i s  one of t h e  most c h a r c t e r i s t i c  p r o p e r t i e s  of coronal  streamers. 
Thus, t he  e q u a t o r i a l  corona of t h e  30 June 1954 e c l i p s e  included,  according 
t o  estimates of [ 2 7 ] ,  up t o  30 - 40 s e p a r a t e  r ays  ( a t  least  wi th in  the  s t ruc -  
t u r e  of i t s  lower p a r t s ,  n o t  inc luding  what w e  des igna te  as i n t e r p l a n e t a r y  
space) .  The absence of "cont inui ty"  i n  t h e  s t r u c t u r e  of t h e  s o l a r  corona, 
wi th  t h e  above r e s e r v a t i o n ,  t h a t  i s ,  t h e  presence i n  t h e  la t ter  of a n o t i c e  
a b l e  "porosi ty" ,  is  found from radioas t ronomica l  observa t ions  [ 3 4 ] .  

A l l  t h i s  is equ iva len t  t o  t h e  hypothes is  t h a t  s o l a r  corona c o n s i s t s  of 
- two b a s i c  components: t h e  f i r s t  ( s o l a r  wind proper)  i s  cha rac t e r i zed  by com- 
p a r a t i v e l y  h igh  plasma flow v e l o c i t i e s ,  t h e  second component ( s t reamers)  i s  
cha rac t e r i zed  by comparatively low v e l o c i t i e s .  

L e t  us  now cons ider  b r i e f l y  t h e  ques t ion  of r e l a t i o n s h i p  between t h e  
s t r u c t u r e  of t he  corona i t s e l f  and i t s  i n t e r p l a n e t a r y  ex tens ion .  This  ques- 
t i o n  is  s t i l l  obscure.  I n  i t s  o r i g i n a l  work on t h e  o r i g i n  of magnetic f i e l d  
i n  i n t e r p l a n e t a r y  space ,  Parker  [ 3 5 ]  s t a r t e d  from a s t r u c t u r e l e s s  "continuous" 
corona ( t h e  f i n e  s t r u c t u r e  w a s  considered by him la ter  [ 3 6 1 ) .  This ,  i n  
p a r t i c u l a r ,  w a s  expressed i n  t h a t  t h e  l a w  of drop of magnetic f i e l d  i n t e n s i t y  
w a s  obtained by him by d iv id ing  t h e  gene ra l  f l u x  of photospher ic  magnetic f i e l d  
by t h e  q u a n t i t y  h R 2 ,  where R is  t h e  d i s t a n c e  of t h e  g iven  po in t  from t h e  cen- 
ter of t h e  Sun. A t  t h e  same time, t h e r e  is b a s i s  t o  cons ider  (see s e c t i o n s  
2 and 4 )  t h a t ,  f o r  example, corpuscular  streams o r i g i n a t i n g  from a c t i v e  reg ions  
are cha rac t e r i zed  by a r a t h e r  w e l l  expressed f i lamentary  s t r u c t u r e .  
such a f i lamentary  s t r u c t u r e  a l s o  above the  unperturbed reg ions  of t h e  Sun ? 

.A  s p e c i f i c  answer t o  t h i s  ques t ion  can n o t  y e t  b e  g iven  a t  p r e s e n t ,  and t h e  
only  th ing  w e  can do is t o  b r i n g  f o r t h  he re  c e r t a i n  cons ide ra t ions .  F i r s t l y ,  
t h e  presence of more o r  less r a d i a l  inhomogeneities i n  t h e  Sun's supercorona 
observed above t h e  e n t i r e  Sun (and n o t  on ly  above t h e  active reg ions)  s t e m s  
from radioas t ronomica l  obse rva t ions  (see [ 3 7  and 3 8 1 .  However, whether o r  no t  

Is t h e r e  



9 

these inhomogeneities are the sources of filamentary structure of solar wind 
at great distances is yet unclear, for the porosity in the observed "radio- 
astronomical'' structure at large distances from the Sun is comparatively small. 
The question as to where isolated filaments, ''coronal tubes" originated in the 
unperturbed Sun is also still unclear. 

Certain conclusions could be drawn from the study of histograms of distri- 
bution of interplanetary field directions. Such histograms, constructed By 
Ness and Wilcox [39] for periods when the planetary geomagnetic index Kp = 0 
and K > 3, are shown in Fig.3. The first case corresponds to the 'unperturb- 
ed sofar plasma" and the second to the "perturbed" one. The most reliable his- 
tograms of Fig.3 (great number N of field direction determination) are obtain- 
ed with the aid of IMP-3 (see lower part of Fig.3). 
that the "spiraltt character of the field (angle $I = 135' SI 
- a  (see Fig.4) is present also in the unperturbed plasma. However, accord- 
ing to [35], this must take place in interplanetary plasma in the absence of 
filamentary structure also. This is why the question calls for further study. 
At the same time, it is interesting to note that the spiral structure of 
Fig.3 after the data of IMP-3 is significantly more clearly expressed for the 
case Kp ?. 3, than for Kp = 0 .  
from a series of geophysical regularities, particularly from the analysis of 
short-period oscillations of the Earth's magnetic field [5]. 

These histograms show 
315", where @ ~ 1 8 0  - 

This is precisely what could have been expected 
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Fig. 3 

Histograms of distribution of intensity vector distribution of in- 
terplanetary magnetic field according to N. Ness and J. Wilcox [39] 

for various levels of geomagnetic activity 
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e a s m a l l  remark i n  connect ion wi th  t h e  mechanism of s o l a r  
wind gases '  outflow. One of t h e  most important  ques t ions  i n  t h i s  problem is 
t h e  comparison of observed flow v e l o c i t y  of coronal  gas  wi th  t h a t  given by 
t h e  s o l a r  wind theory .  Apparent ly ,  t h e  most r e l i a b l e  is s o  f a r  t h e  method 
al lowing us  t o  judge about t h e  v e l o c i t i e s  wi th  which plasma maves i n  t h e  
corona, which i s  t h a t  of r a d a r  measurements of t h e  Sun. One of t h e  most com- 
p l e t e  such i n v e s t i g a t i o n s  w a s  performed i n  [ 4 0 ] .  Some of t h e  r e s u l t s  obtain-  
ed i n  t h i s  work w i l l  b e  d iscussed  b r i e f l y  i n  s e c t i o n  4 .  

* 
* *  

2. PROBLEM OF LOCALIZATION ON THE SUN OF SOURCES 

OF QUASISTATIONARY CORPUSCULAR STREAMS 

It is  w e l l  known t h a t  numerous geophysical  events  (geomagnetic and iono- 
s p h e r i c  d i s tu rbances ,  p o l a r  aurorae  and c e r t a i n  o t h e r s )  reveal a 27-day re- 
cur rence  mainly on t h e  descending branch of s o l a r  cyc le  and i n  t h e  a c t i v i t y  
minimum. Conclusion w a s  drawn accord ingly  t h a t  t h e r e  are on the  Sun cer ta in  
s u f f i c i e n t l y  s t a b l e  sources  of corpuscular  streams; w e  s h a l l  c a l l  t hese  
streams q u a s i s t a t i o n a r y  (QSCS). 

A l a r g e  number of s t u d i e s  were devoted t o  a t tempts  t o  l o c a l i z e  on t h e  
s u r f a c e  of t h e  Sun t h e  sources  of QSCS; however, t h e  ques t ion  remains open 
even a t  t h e  p re sen t  t i m e .  There are some causes  f o r  t h i s  unce r t a in ty .  We 
s h a l l  enumerate t h e  main ones:  

1) One of t h e s e  sources  of u n c e r t a i n t y  w a s  a l r eady  poin ted  a t  earlier. 
It i s  t h e  f a c t  t h a t  t h e  s o l a r  a c t i v i t y  minimum is a t r a n s i t i o n a l  p e r i o d  of 
i t s  development i n  t i m e ,  which involves  a whole series of s i n g u l a r i t i e s  
p r e c i s e l y  inhe ren t  t o  t h e  g iven  per iod .  

2) Discussing t h i s  problem, Bartels [41] reached as e a r l y  as i n  1932 
the  conclusion t h a t  a t  least  i n  a c e r t a i n  number of cases t h e  recureent  geo- 
magnetic d i s tu rbances  i n  t h e  epoch of s o l a r  a c t i v i t y  minimum can no t  be  iden- 
t i f i e d  wi th  t h e  o p t i c a l  a c t i v i t y  ( f l o c c u l i ,  s p o t s  etc.) on the Sun. These 
i s o l a t e d  cases w e r e  gene ra l i zed  by Bartels, namely, he  drew t h e  conclusion 
t h a t  t h e  source of - a l l  r e c u r r e n t  d i s tu rbances  (and consequently of QSCS) 
are c e r t a i n  h y p o t h e t i c a l  M-regions on t h e  Sun. However, from t h e  stand- 
po in t  of contemporary r e p r e s e n t a t i o n s  t h i s  g e n e r a l i z a t i o n  is no t  j u s t i f i e d ,  
f o r  i t  i s  based upon d a t a  r e l a t e d  only t o  s o l a r  a c t i v i t y  minimum. 
are aware t h a t  t h e  h i s t o r y  of every t y p i c a l  active reg ion  on t h e  Sun (cen- 
ter of a c t i v i t y )  can b e  subdivided i n t o  two phases:  a) t h e  f i r s t ,  optical-ma- 
g n e t i c  phase (o.m.phase), cha rac t e r i zed  by t h e  presence i n  t h e  active reg ion  
of l o c a l  magnetic f i e l d s  and concomitant o p t i c a l  a c t i v i t y ,  and b)  t h e  second, 
t h e  magnetic phase (m-phase), mainly cha rac t e r i zed  by t h e  presence i n  t h e  
a c t i v e  reg ion  of weak l o c a l  magnetic f i e l d .  H e r e  t h e  o p t i c a l  a c t i v i t y  is 
e i t h e r  absent  o r  is q u i t e  weak. Th i s  second phase of active reg ion  e x i s t -  
ence may b e  c a l l e d  "magnetic tai l" of t h e  la t ter .  nbviously,  when de f in ing  
i n  such a way the "active region",  w e  have i n  mind t h a t  t h e  second, magnetic 
phase of i t s  e x i s t e n c e  is an e n t i r e l y  n a t u r a l  con t inua t ion  (and then  a l s o  
t h e  end) of t h e  f i r s t  phase. 

Now w e  
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Therefore ,  t h e  absence of o p t i c a l  a c t i v i t y  on the  Sun s t i l l  does no t  
imply t h e  absence on i t  of b a s i c  c e n t e r s  of s o l a r  a c t i v i t y  development, i .e .  
of a c t i v e  region.  

3)  There are foundat ions [42] f o r  subdiv id ing  the  r e c u r r e n t  d i s turban-  
ces i n t o  two groups: 

a) t h e  s tandard  r e c u r r e n t  d i s tu rbances  observed i n  a l l  phases of s o l a r  
a c t i v i t y .  The considered R-disturbances are observed a l s o  i n  the  ascending 
phase of s o l a r  cyc le .  However, a t  t h a t  t i m e  t he  a c t i v e  reg ions  are disposed 
a t  comparatively h igh  he l iog raph ic  l a t i t u d e s  and t h e  r evo lu t ion  per iod  of 
Sun's s u p e r f i c i a l  l a y e r s  around i t s  a x i s  is  of about 2 8  days,  This  is why t h e  
recur rence  of geomagnetic (and o the r )  d i s tu rbances  becomes s u f f i c i e n t l y  clear 
i f  w e  use  the  28-day ca lendar  of geophysical  even t s ;  see on of such descr ip-  
t i v e  examples of such kind i n  [43] .  The same cons ide ra t ions  p a r t i a l l y  r e f e r  
a l s o  t o  t h e  maximum phase of s o l a r  a c t i v i t y .  

b) The classical M-type r e c u r r e n t  d i s tu rbances ,  which w e  s h a l l  simply 
c a l l  M-disturbances. 
minimum epoch; they c o n s t i t u t e  only a s m a l l  f r a c t i o n  of a l l  r ecu r ren t  d i s tu rb -  
ances.  The c l e a r e s t  geomagnetic sequences of M-disturbances are descr ibed  
a t  l eng th  f o r  t h e  l as t  f i v e  s o l a r  a c t i v i t y  cyc le s  i n  t h e  work [42] .  The d i f -  
fe rences  between R- and M-disturbances are compiled i n  Table 1 of t h i s  paper.  

These are observed d i r e c t l y  p r i o r  t o  and during t h e  

A s  a matter of f a c t  w e  should d iscount  t h a t  t h e r e  i s  nothing i n  common 
between R- and M-disturbances. Moreover, conclusion is  drawn i n  t h e  works 
[42 and 441 t h a t  t h e  f i r s t  terms of a number of M-sequences should r a t h e r  be 
ascr ibed  t o  R-disturbances.  However, c e r t a i n  s p e c i f i c  d i f f e r e n c e s  do e x i s t  
between R- and M-disturbances (Table 1); they  p lay  an  important  p a r t  i n  t h e  
s o l u t i o n  of t h e  problem discussed  i n  t h e  p re sen t  paper.  A t  t h e  same t i m e ,  
i n  t he  works s o  f a r  completed on t h e  problem of l o c a l i z a t i o n , n o  a t tempts  of 
any s o r t  are made t o  t ake  i n t o  account t h e  ind ica t ed  d i f f e r e n c e s ,  and t h i s  
r e s u l t s  i n  numerous u n c e r t a i n t i e s .  

4) A very  l a r g e  number of i n v e s t i g a t i o n s  devoted t o  the  problem of loca- 
l i z a t i o n  of sources  of QSCS are based upon a comparatively l i m i t e d  material 
encompassing 1 t o  2 s o l a r  a c t i v i t y  cyc les .  This  appears  t o  b e  t o t a l l y  inad- 
m i s s i b l e ,  p a r t i c u l a r l y  i n  r e fe rence  t o  M-disturbances. Indeed, each cyc le  
of s o l a r  a c t i v i t y  u s u a l l y  comprises q u i t e  a s m a l l  number of M-disturbances. 
Consequently, t h e  found r e l a t i o n s h i p s  may be e n t i r e l y  casua l ;  f o r  more d e t a i l s  
on t h i s ,  see [42] . 

Therefore ,  f o r  t h e  s o l u t i o n  of t he  problem of l o c a t i o n  of QS sources  on 
the  Sun, we  must: 1) t a k e  i n t o  account no t  only t h e  opt ical-magnet ic ,  b u t  a l s o  
the  magnetic phase of e x i s t e n c e  of active reg ions ;  2)  s tudy  s e p a r a t e l y  t h e  
R- and M-disturbances; 3) u t i l i z e  f o r  t h e  a n a l y s i s  more prolonged t i m e  i n t e r -  
v a l s  (no less than 5 t o  6 c y c l e s ) .  

Geomagnetic d i s tu rbances  are most o f t e n  used f o r  t h e  s o l u t i o n  of t h e  con- 
s i d e r e d  problem. However, w e  should bear  i n  mind t h a t  t h e  t o t a l  p a t t e r n  of 
geomagnetic d i s tu rbance  i s  u s u a l l y  very  complex; neighboring geomagnetic d i s -  
turbances of s a m e  type  are o f t e n  superimposed t o  one another .  Besides R- and 
M-disturbances, no t  always sepa rab le  from one another ,  a s p e c i f i c  r o l e  is played 
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by sporad ic  d i s tu rbances  of s a m e  o r  d i f f e r e n t  t ypes ,  caused by chromospheric 
f l a r e s ,  even i n  t h e  yea r  of low s o l a r  a c t i v i t y . .  For t h a t  reason i t  is  more 
c o r r e c t  and e f f e c t i v e  t o  proceed i n  the  a n a l y s i s  s t a r t i n g  from s o l a r  even t s ,  
then  l i n k i n g  them wi th  t h e  geomagnetic a c t i v i t y ,  r a t h e r  than  do i t  the  op- 
p o s i t e  way. 

A t  t h e  p re sen t  t i m e  t h e r e  are a l l  reasons t o  cons ider  t h a t  t h e  main r o l e  
i n  t h e  c r e a t i o n s  of QSCS is played by the  active reg ions .  L e t  us  cons ider  
s e p a r a t e l y  both @bases of t h e i r  ex i s t ence .  

T A B L E  1 

Proper ty  of t h e  
d is turbance  

I 1 

1. Most c h a r a c t e r i s -  
t i c  per iod  of s o l a r  
c y c l e ,  when d i s t u r b -  
ances are observed. 

2. Durat ion of t h e  se- 
quence of d i s t u r b -  
ances.  

3. Dis turbance ' s  l i n k  
wi th  sou rce ' s  o p t i -  
cal  a c t i v i t y  on t h e  

4 .  Durat ion of i s o l a -  
t ed  d i s tu rbances  
i n s i d e  a sequence. 

R-dis turbances 

2 

R-disturbances are obser- 
ved i n  t h e  course  of t h e  
whole s o l a r  a c t i v i t y  c y c l e  
I n  t h e  asecnding branch 
t h e  recur rence  per iod  is 
c l o s e  t o  28 days.  

There i s  a broad spectrum 
i n  t h e  va lues  of sequence 
du ra t ion ,  from one revolu- 
t i o n  t o  numerous months. 

Link s u f f i c i e n t l y  c lear ,  
see Fig .5 ,  though t h e  os- 
c i l l a t i o n s  of f l o c c u l a r  
and coronal  i n t e n s i t y  i n  
active reg ions  is notab ly  
g r e a t e r  than those  of geo- 
magnetic d i s tu rbances  in-  
duced by t h e  region.  

Mean dura t ion  of a s i n g l e  
R-disturbance is  3-5 days;  
i t  i s  no t i ceab ly  g r e a t e r  
only i n  yea r s  of low acti- 
v i t y ,  r e f .  to  Fig.9 

Classic M-disturbances 

3 

M-disturbances are ob- 
served  i n  a c t i v i t y  m i -  
nimum and during 2-3 
y e a r s  preceding it .  

M-sequences are charac- 
t e r i z e d  by normally 
h igh  va lues  of dura- 
t i o n  from 1.5 t o  pos- 
s i b l y  2 years .  

Link q u i t e  unce r t a in .  
M-disturbances are of- 
t e n  observed i n  p r a c t i -  
c a l l y  t o t a l  absence f 
s t eady  o p t i c a l  a c t iv i t j  
on t h e  d i s k  w i t h i n  t h e  
l i m i t s  of longi tudes  
where corpusc le  source  
can b e  loca ted  

M-disturbances are of- 
t e n  cha rac t e r i zed  by 
long du ra t ion  AT,pos- 
s i b l y  a t t a i n i n g  from 
10 t o  1 2  days. 

. .continued..  
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R-dis turbances 

T A B L E 1 (con t inua t ion )  

Classic M-disturbances Property of t h e  
d i s tu rbance  

2 1 3 

5. Seasonal  f l uc tua -  
t i o n  of d i s turbances  

On t h e  average R-disturb- 
ances show seasona l  f l uc -  
t u a t i o n s  wi th  two equi- 
n o c t i a l  maxima. 

Qui te  no tab le  a s h a r e  of 
R-disturbances are cha- 
r a c t e r i z e d  by weak in ten-  
s i t y ,  though s t r o n g  d i s -  
turbances are observed 

This  ques t ion  is as y e t  
unc lea r ,  though c e r t a i n  
la tes t  d a t a  E951 do p o i n t  
t o  t h e  f a c t  t h a t  i n  t h e i r  
optico-magnetic phase t h e  
active r eg ions  are a l s o  a 
source  of e n e r g e t i c ,  b u t  
"sof t"  protons.  

I n t e n s i t y  of 
d i s turbance .  

M-disturbances o f t e n  show 
no seasona l  f l u c t u a t i o n s  

One of t h e  most charac te r -  
i s t i c  p r o p e r t i e s  of M-dis- 
turbances i s  t h e  f a c t  t h a t  
they are q u i t e  i n t e n s e  on 
t h e  average;  sequences of 
very  s t rong  d i s tu rbances  
are even a t  t i m e s  observed. 
I n  any case ,  t h e  energy in- 
cluded i n  one M-dis turbance 
is ,  as an average,  h ighe r  
than  t h e  energy included i n  
an  R-disturbance. 

The a v a i l a b l e  d a t a  a t tes t  
t o  t h e  presence i n s i d e  cer- 
t a i n  f l u x e s ,  inducing t h e  
M-disturbances, of s o f t  
e n e r g e t i c  pro tons  (3-20 Mev 

t h e  

7. Presence of ener- 
g e t i c  p a r t i c l e s  i n  
f l u x e s  inducing 
t h e  d i s tu rbances  

I 

A. Optically-magnetic Phase of t h e  

Active Region 

The conclus ion  t h a t  i n  t h e i r  o p t i c a l  (and, by t h e  same token, s imulta-  
neously magnetic) phase, t h e  active reg ions  induce QSCS, w a s  der ived  by t h e  
au thor  of [ 4 5 ]  i n  1943. This  conclus ion  w a s  completed i n  1960 [ 4 6 ]  by t h e  
hypothes is  t h a t  each q u a s i s t a t i o n a r y  f l u x  emerging from ah active reg ion  is 
a combination of compart ively s t a b l e  i n  time and continuous i n  t h e  e n t i r e  

account of Sun's r o t a t i o n  and l o w  s o l a r  plasma v e l o c i t i e s  of 400 t o  600 km/sec 
on t h e  average.  A t  t h e  same t i m e ,  a t  each po in t  of such a f l u x ,  t h e  plasma 
v e l o c i t y  v e c t o r s  are approximately r a d i a l  re la t ive t o  t h e  c e n t e r  of t h e  Sun. 

magnetic tube" l eng th  . The magnetic "tubes" are q u i t e  ben t  i n  space  on (1  
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A model of such a f l u x ,  c o n s i s t i n g  of tubes ,  is  represented  i n  F igure  4 
a f t e r  [46] and [42] .  The most contemporary expounding of t h e  corresponding 
argumentat ion i s  g iven  i n  [47] ,  2421 and, p a r t i a l l y  i n  t h e  review [I]. 

The s ta t is t ical  curves  confirming t h e  ind ica t ed  conclusion and borrowed 
from E261 are shown i n  F igure  5. 
r eg ions  i n  t h e i r  opt ical ly-magnet ic  phase and c a r e f u l l y  s e l e c t e d  from t h e  d a i l y  
spectrohel iograms of t h e  Sun f o r  t h e  per iod  1907-1952, t h a t  i s ,  f o r  f i v e  c y c l e s  
of s o l a r  a c t i v i t y  (14 - 18). 
a c t i v i t y  level when t h e  p r e v a i l i n g  d i s tu rbances  are of recurrent type  ( S  i s  
t h e  relative number of s p o t s ) .  The a c t i v i t y  minimum i t s e l f  is h e r e  excluded. 
I n  Fig.5,  t h e  t i m e  A t  i s  p l o t t e d  i n  days counted from t h e  moment of t i m e  A t  = 0. 
of a c t i v e  r eg ion ' s  passage i n  i t s  0.m.-phase through t h e  Sun's c e n t r a l  meridian.  
For f a c i l i t y  we s h a l l  abb rev ia t e  t h i s  denomination by PCM (passage of c e n t r a l  
meridian) .  The geomagnetic a c t i v i t y  i s  p l o t t e d  i n  o r d i n a t e s .  The dependence I 
is  p l o t t e d  f o r  t h e s e  active reg ions ,  which crossed t h e  v i s i b l e  d i s k  of t he  Sun 
a t  t h e  PCM t i m e ) ,  and t h e  dependence I1 i s  cons t ruc ted  f o r  t hose  a c t i v e  reg ions  
( a l s o  i n  t h e  0.m.-phase), which were d i s t a n t ,  a t  t i m e  PCM by no t  less than  6O 
from t h e  v i s i b l e  c e n t e r ,  F ig .5  shows t h a t  t h e  active reg ions ,  passing through 
t h e  c e n t e r  of t h e  s o l a r  d i sk ,  create i n  t h e  phase A t  + 6 days of geomagnetic 
a c t i v i t y  a c l e a r l y  o u t l i n e d  maximum R. The same r e s u l t  is obtained f o r  t h e  
descending branch of t h e  l a s t  19-th cyc le  [48].  A t  t h e  same t i m e ,  a c t i v e  re- 
g ions  of t h e  group I1 induce no sys t ema t i c  f l u c t u a t i o n s  of t h e  geomagnetic 
f i e l d .  (The o r i g i n  of t h e s e  d i f f e r e n c e s  w i l l  be  d iscussed  i n  s e c t i o n  3 ) .  

They are cons t ruc ted  on t h e  b a s i s  of active 

Only descending branches were used f o r  t h e  s o l a r  

Besides t h e  maximum R, w e  f i n d  i n  Fig.5 s t i l l  another ,  weaker m a x i m u m  L 
and minimum Mine The au thor  of [49] has  shown t h a t  t h e s e  secondary d e t a i l s  
of s t a t i s t i c a l  curves  r e f l e c t  on ly  t h e  l o n g i t u d i n a l  r e g u l a r i t i e s  i n  t h e  d i s -  
t r i b u t i o n  of a c t i v e  r eg ions  on t h e  Sun. I n  p a r t i c u l a r ,  minimum Min i s  a natu- 
ra l  "dip" between t h e  main maximum R and i ts  c l o s e s t ,  most i n t e n s e  maximum L, 
c r ea t ed  by t h e  "preceding" active reg ions  ( t h a t  i s ,  preceding wi th  r e spec t  t o  
those  i n i t i a l  a c t i v e  r eg ions  according t o  which Fig.5 w a s  p l o t t e d ) .  (Refer t o  
his tograms of l o n g i t u d i n a l  d i s t a n c e s  i n  F i g s  3-14 and Table  2 of r e f . [ 4 9 ] ) .  

A d i f f e r e n t  i n t e r p r e t a t i o n  of t h e  maxima R ,  L and minimum Min is  given 
i n  t h e  Al l en ' s  work [ 5 0 ] ,  and a l s o  i n  those  by Parker  and Roberts  [511. They 
advanced t h e  hypothes is ,  according t o  which active reg ions  create i n  t h e  i n t e r -  
p l ane ta ry  space a c e r t a i n  comparatively empty c a v i t y ,  "escape cone", whi le  
t h e  o u t e r  boundaries  ("surface") of t h i s  semi-inf i n i t e  cone, w i th  "summit'' i n  
t h e  active reg ion ,  are comparatively dense formations.  The subsequent c ros s ing  
by t h e  Ear th  of t h e  "escape cone", t h a t  i s ,  of oppos i t e  "genera t r ices"  of t h e  
cone loca ted  i n  t h e  e c l i p t i c  p lane ,  does p r e c i s e l y  induce t h e  maximum M a t  t h e  
o u t s e t ,  and then  t h e  minimum M i n  ( in  t h e  g iven  case a comparatively empty cavi- 
t y )  and, f i n a l l y ,  t h e  maximum R. 

The fol lowing,  excep t iona l ly  s e r i o u s  d i f f i c u l t y  is  ind ica t ed  i n  [42] t h a t  
concerns t h i s  hypothes is .  
o r b i t )  between t h e  oppos i t e  g e n e r a t r i c e s ,  escape cone "branches" (disposed i n  
t h e  e c l i p t i c  plane) c r e a t i n g  t h e  maxima R and L, and equal  to  about 6 days, 
one may compute t h a t  t h i s  corresponds t o  t h e  l i n e a r  d i s t a n c e  along t h e  E a r t h ' s  
o r b i t  of about  200 m i l l i o n  km. Fur the r ,  t h e  maxima R and L i n  F ig .5  are 

U t i l i z i n g  i n  F ig .5  t h e  temporal d i s t a n c e  (on Ea r th ' s  



Model of corpuscular  streams wi th  magnetic tubes  emer- 
ging from active reg ions ,  according t o  Mustel '  [ 26 ]  

1907-1952 
-I5 . -tod -5d Od +Sd +1U 

Fig.  5 

Curves of t h e  method of superimposed epochs g iv ing  t h e  
course of magnetic a c t i v i t y  wi th  r e spec t  t o  t h e  passage 
time 

reg ions  E261 
of Sun's c e n t r a l  meridian by group-1 and -2 active 
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cha rac t e r i zed  by a comparatively h igh  geomagnetic a c t i v i t y  and t h i s  corresponds 
[52] t o  corpusc le  v e l o c i t i e s  of t h e  o rde r  of 600 km/sec. Such s o l a r  co rpusc le s  
t ake  less than  3 days t o  reach  t h e  E a r t h ' s  o r b i t .  
sence  of t h e  "escape cone" i t s e l f  means t h a t  corpusc les ,  moving from a reg ion  
ad jacen t  t o  t h e  active reg ion ,  must have n o t  on ly  a r a d i a l  b u t  a l s o  a t r ans -  
v e r s e  v e l o c i t y  component. 
t h r e e  days t h e  branches R and L over 200 m i l l i o n  km, gases  i n  t h e s e  branches 
must have a r e l a t i v e  t r a n s v e r s e  v e l o c i t y  of t h e  o rde r  of 800 km/sec. 
d a t a  on comet t a i l s  and those  obta ined  wi th  t h e  a i d  of space probes E141 , [531 , 
show t h a t  on t h e  average,  t h e  t r a n s v e r s e  v e l o c i t y  component of i n t e r p l a n e t a r y  
plasma does no t  exceed 20 km/sec! 

On t h e  o the r  hand, t h e  pre- 

Ca lcu la t ions  show t h a t  i n  o rde r  t o  "divide" f o r  

However, 

Another d i f f i c u l t y ,  i nd ica t ed  i n  [54] ,  c o n s i s t s  i n  t h e  fol lowing.  All 
i n i t i a l  a c t i v e  r eg ions  used f o r  t h e  cons t ruc t ion  of t h e  s ta t is t ical  dependence 
I i n  Fig.5,  may be subdivided i n t o  s e v e r a l  groups as a func t ion  of t h e  d i s t a n c e  
ALc between t h e  g iven  i n i t i a l  active reg ion  and i ts  c l o s e s t  p reced ing  one ( i n  
t h e  sense  of PCM t ime) .  It i s  found t h a t  t hen  t h e  p o s i t i o n  of t h e  maximum R 
i n  Fig.5 remains one and t h e  same f o r  a l l  such groups,  whereas t h e  d i s t a n c e  
between t h e  maxima R and L i n c r e a s e s  l i n e a r l y  wi th  t h e  rise of t h e  q u a n t i t y  ALc 
(see Fig.6,  borrowed from [54]) .  H e r e  p l o t t e d  i n  o r d i n a t e s  is t h e  p o s i t i o n  of 
t h e  l e f t  hand maximum L,  counted i n  days from t h e  phase A t  = 0 days. Fig.6 
shows t h a t  t h e  p o s i t i o n  of t h e  maximum L i s  
determined only  by t h e  r e l a t i v e  l o n g i t u d i n a l  
of neighboring a c t i v e  reg ions!  By t h e  same 
token, t h e  hypothes is  on t h e  escape cone 
l o s e s  a l l  i t s  sense ,  s i n c e  f o r  f u r t h e r  in- 
crease of t h e  q u a n t i t y  ALc t h e  maximum L va- 
n i s h e s ,  and a uniform background remains 
ahead of t h e  maximum R, which is  p r e c i s e l y  
observed when t h e  number of geomagnetic 
d i s tu rbances  is  ve ry  s m a l l ,  A series of 
such cases are desc r ibed  i n  s e c t i o n  3 ,  being 
borrowed from t h e  work [471. 

F i n a l l y ,  i n  [47],  s e c t i o n  3, o t h e r  
s e r i o u s  d i f f i c u l t i e s  connected w i t h  "escape 
cone" hypothes is  are summed up, whereupon 
considered a l s o  are t h e  d a t a  obtained wi th  
t h e  a i d  of space probes and a n a l y s i s  of s o l a r  
cosmic rays .  

Therefore ,  a n a l y s i s  of geomagnetic d i s -  
tu rbances  r e s u l t s  i n  t h e  conclusion t h a t  i n  
t h e i r  0.m.-phase, t h e  a c t i v e  r eg ions  *them- 
selves are indeed t h e  sou rce  of QSCS. 

The conclus ions  der ived  are cor robora ted  
by t h e  r e s u l t s  of t h e  fo l lowing  inves t iga-  
t ions  : 

Fig. 6 

P o s i t i o n  of t h e  maximum L,  
preceding t h a t  of Fig.5,  as 
a f u n c t i o n  of d i s t a n c e  ALc 
between t h e  given,  i n i t i a l  
a c t i v e  r eg ion  and i t s  n e a r e s t  

preceding one 1541 

. ./. 
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a )  Analysis  
pro tons ,  e j e c t e d  
always disposed 
a longly  s t r o n g l y  

completed by McCracken [55] has  shown t h a t  s o l a r  e n e r g e t i c  
from c h r o m s p h e r i c  f l a r e s ,  which, as i s  w e l l  known, are 
i n s i d e  t h e  a c t i v e  r eg ions  i n  t h e i r  0.m.-phase, propagate  
d i s t o r t e d  t r a j e c t o r i e s  o r i g i n a t i n g  i n  those  a c t i v e  r eg ions  

where t h e  f l a r e  o r i g i n a t e d .  (It should be  borne i n  mind t h a t  f l a r e s  are usual-  
l y  disposed i n  a r eg ion  of n o t i c e a b l e  l o c a l  magnetic f i e l d s ,  and t h e  l a t te r  do 
p r e c i s e l y  p l ay  a n  important  r o l e  i n  t h e  c r e a t i o n  of geomagnetic d i s t i r b a n c e s ;  
(see t h e  fol lowing p o i n t  b ) .  One can ha rd ly  doubt t h a t  t h e s e  t r a j e c t o r i e s  are 
determined p r e c i s e l y  by those  gases  which c o n s t i t u t e  t h e  QSCS emerging from 
t h e  a c t i v e  r eg ions  and which c a r r y  a longs ide  w i t h  them frozen-in magnetic 
f i e l d s  of s o l a r  o r i g i n .  The f a c t  t h a t  t h e  angle  ai between t h e  t o t a l  vec to r  
of t h e  magnetic f i e l d  and t h e  r a d i a l  d i r e c t i o n  t o  t h e  given po in t  on t h e  Sun 
( see  F ig .4 ) ,  determined on t h e  E a r t h ' s  o r b i t  from t h e  s tudy  of cosmic r ays  
( i n  t h i s  ca se  t h i s  v e c t o r  determined t h e  propagat ion d i r e c t i o n  of cosmic r a y s  
from the  Sun), 
l y  from t h e  v a r i a t i o n  of t h e  t o t a l  v e c t o r  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  
(see Fig .7 ,  borrowed from t h e  work 1563). Th i s  drawing has  been cons t ruc ted  
a f t e r  t h e  d a t a  obtained on 30 December 1965 wi th  t h e  a i d  of t h e  space probe 
Pioneer-6. Both ind ica t ed  angles  a1 and a2 , on t h e  average c l o s e  t o  45", 
correspond approximately t o  measured v e l o c i t i e s  of i n t e r p l a n e t a r y  plasma . 
(Note t h a t  t h e  case g iven  i n  Fig.7 corresponds t o  t h a t  when t h e  in t e rp l ane -  
t a r y  magnetic "tube" are deformed by comparison w i t h  t h e  " c l a s s i c a l "  s p i r a l ,  
see f u r t h e r ) .  

p r a c t i c a l l y  co inc ides  wi th  t h e  analogous ang le  a2 found d i r e c t -  

F i n a l l y ,  t h e s e  ang le s  a1 and a2 co inc ide  wi th  t h e  angle  a3 which i s  shown 
i n  Fig.5 of t h e  p re sen t  paper ,  provided w e  t ake  f o r  t h e  commencement of t h e  
d i s tu rbance  t h e  median a r t  of t h e  ascending branch of t h e  maximum R ,  and con- 
v e r t  t h e  t i m e  A t  = +4.5 days i n t o  t h e  equ iva len t  v e l o c i t y  (V = 450 km/sec). 
Fig.5 i s  a l s o  based upon a c t i v e  r eg ions  i n  t h e i r  0.m.-phase. I n  connect ion 
wi th  t h i s  we  should p o i n t  ou t  t h a t  t h e  s o  c a l l e d  "magnetic b o t t l e s "  p l ay  he re  
no p a r t  of any kind,  f o r  they  are formed by gases  e j e c t e d  from t h e  a c t i v e  re- 
g ions  by t h e  f l a r e  i t s e l f ,  and flowing along s u b s t a n t i a l l y  less d i s t o r t e d  tra- 
j e c t o r i e s  ( t h e  h igh  plasma v e l o c i t i e s  are of t h e  o rde r  of 1000 km/sec). 

The model corpuscular  stream 146, 261, emerging from t h e  active reg ion ,  
and c o n s i s t i n g  of combination of d i s t o r t e d  and comparatively l s o l a t e d  magnetic 
tubes  (see Fig.41,  has  been l a t e l y  cor robora ted  by Bar t l ey ,  Bukata, McCracken 
and Rao [ 3 0 ] .  Thei r  i n v e s t i g a t i o n s  are based, as a l s o  i s  t h e  work [551, on t h e  
a n a l y s i s  of cosmic r a y s  moving from a chromospheric f l a r e .  

The new r e s u l t s  ob ta ined  i n  1301 and i n  t h e  ad jacen t  work [56] are as 
fo l lows  : 

a) i n  a series of cases t h e  shape of magnetic tubes  i s  d i s t o r t e d  by com- 
pa r i son  wi th  t h e  s p i r a l  ( s e e  t h e  darkened curve i n  Fig.8 of t h e  paper  1561 
and aga in  t h e  Fig.7 of t h e  present  paper ) .  We should,  i n  t r u t h ,  p o i n t  ou t  t h a t  
t h e  r e l a t i v e  dimensions of t hese  deformations are comparatively small. With 
t h e  view of improving t h e  "descr ip t iveness"  of t h e  drawings, t h e  deformations 
i n  F igures  7 and 8 have been s t r o n g l y  exagerated;  
tubes" over t h e  d i s t a n c e  Sun-Earth has  been es t imated;  i t  c o n s t i t u t e s  some 
3 m i l l i o n  k i lome te r s  (see [30] ) .  

b )  The " th ickness  of t h e  
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Fig.  7 

Di rec t ion ,  oppos i t e  t o  maximum cosmic r a y  
flow from t h e  Sun (arrows (2)) and d i rec-  
t ior l  of t h e  i n t e r p l a n e t a r y  f i e l d  v e c t o r  
( t h i n  l i n e s  between success ive  circles (1 ) )  
p ro j ec t ed  on t h e  e c l i p t i c  plane.  The graph 
was cons t ruc ted  by McCracken and Ness [56] 
f o r  30 December 1965. The numerals g i v e  

t h e  Universa l  t i m e .  

Fig.  8 

Model of magnetic tubes  
o r i g i n a t i n g  from t h e  reg ion  
of chromospheric f l a r e  (and 
by t h e  same token from t h e  
a c t i v e  r eg ion ) ,  according t o  
s t u d i e s  by Bar t l ey  et a1 
I n  t h i s  drawing 1) is t h e  
s o l a r  wind; 2) is a deformed 
tube;  3)  is  t h e  p o s i t i c n  of 
t h e  sa te l l i t e  "Pioneer-6"; 
4 )  is  t h e  d i r e c t i o n  of t h e  
magnetic f i e l d  v e c t o r  and of 
t h e  cosmic r ays '  f l u x . '  

[30]. 

The s a m e  model of a corpuscular  stream o r i g i n a t i n g  from a n  active reg ion  
is a l s o  confirmed by t h e  i n v e s t i g a t i o n  of [57 ] .  This  i n v e s t i g a t i o n  is l inked  
wi th  weak chromospheric f l a r e s ,  which may be  s tud ied  p a r t i c u l a r l y  e f f i c i e n t l y  
i n  t h e  yea r s  of low s o l a r  a c t i v i t y .  It  is  shown in [573 that e n e r g e t i c  elec- 
t r o n s ,  e j e c t e d  from t h e  chromospheric f l a r e s ,  propagate  a l s o  along s t rong ly  
d i s t o r t e d  t r a j e c t o r i e s ,  o r i g i n a t i n g  without  any doubt from a c t i v e  reg ions  ( i . e . ,  
where f l a r e s  occur ) ,  t h a t  i s ,  i n  t h e i r  0.m-phase. Because of t h a t ,  "magnetic 
b o t t l e s "  cannot p l ay  any r o l e  he re  e i t h e r .  
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Fig.3 i s  a l s o  evidence i n  favor  of f i l amentary  and s p i r a l  s t r u c t u r e  of 
f l u x e s  emanating p r e c i s e l y  from ac ive r eg ions  and inducing geomagnetic d i s -  
turbances;  t h i s  is  p a r t i c u l a r l y  s o  i n  c a s e  of t h e  probe IMP-3, f o r  which a 
l a r g e  number of d a t a  are a v a i l a b l e ,  cons iderably  l a r g e r  than  f o r  IMP-1. The 
histograms of Fig.3 show t h a t  t h e  s p i r a l  s t r u c t u r e  i s  s i g n i f i c a n t l y  b e t t e r  
expressed f o r  Kp > 3, t h a t  i s ,  f o r  f l u x e s  inducing r e c u r r e n t  d i s tu rbances  
and not  f o r  t h e  gene ra l  f low of gases  from t h e  Sun (KP = 0 ) ;  see a l s o  [ 5 ] ;  

b) t h e  second important  i t e m ,  cor robora t ing  t h e  hypothesis  on a c t i v e  
reg ions  is t h e  f a c t  t h a t ,  according t o  Wilcox,Schatten and Ness [58] ,  t h e  
Kp-indexes are c l o s e l y  l inked  (by l i n e a r  r e l a t i o n  pass ing  through t h e  o r i g i n  
of coord ina te s  where Kp = 0,  B = 0) wi th  i n t e r p l a n e t a r y  magnetic f i e l d  in ten-  
s i t y  B ,  measured near  t h e  Ear th ,  bu t  o u t s i d e  t h e  E a r t h ' s  magnetosphere. This  
very  f a c t  a l r e a d y  sugges ts  t h a t  a t  t i m e  of geomagnetic d i s tu rbances ,  t h e  
Ear th  is  s i t u a t e d  i n  r eg ions  of s o l a r  plasma wi th  increased  va lues  of B. A t  
t h e  same t i m e ,  we are aware of t h e  f a c t  t h a t  s p o t s  wi th  increased  i n t e n s i t y  
of t h e  magnetic f i e l d  on t h e  Sun, are p r e c i s e l y  t h e  a c t i v e  reg ions .  

The r e s u l t s  found i n  [58] and based upon t h e  material obta ined  wi th  t h e  
a i d  of space probe IMP-1, are cor robora ted  i n  another  work [59] ,  based upon 
t h e  d a t a  obtained on IMP-3. It is  found t h a t  t h e  ind ica t ed  r e l a t i o n  between 
K (o r  Ap)and t h e  i n t e n s i t y  B is  dependent n e i t h e r  on t h e  s e c t o r i a l  s t r u c t u r e  OF i n t e r p l a n e t a r y  magnetic f i e l d s ,  nor on t h e  phase of s o l a r  a c t i v i t y .  

The f a c t  t h a t  t h e  va lues  of Kp are a l s o  l i nked  w i t h  s o l a r  plasma velo-  
c i t i e s  E601 i s  no t  i n  c o n t r a d i c t i o n  w i t h  t h e  above cons ide ra t ions .  Indeed, 
w e  are unaware, wheke areas are loca ted  p r e c i s e l y  on t h e  Sun, above which 
t h e  s o l a r  plasma v e l o c i t i e s  a t t a i n  h ighes t  va lues .  The f a c t  t h a t  t h e  frozen- 
i n  magnetic f i e l d s  and t h e  v e l o c i t i e s  of s o l a r  plasma are d i s t r i b u t e d  i n  t h e  
i n t e r p l a n e t a r y  space i n  a similar f a sh ion  (see magnetic s e c t o r s  of i n t e r -  
p l ane ta ry  plasma i n  [61]  and Fig .1  i n  t h e  work 1581) i s  apparent ly  only ev i -  
dence t h a t  t h e  h ighes t  plasma v e l o c i t i e s  are a t t a i n e d  above t h e  r eg ions  of 
t h e  l a r g e s t  magnetic f i e l d .  

B.  Magnetic Phase of t h e  Active Region 

The ques t ion  of l o c a t i o n  on t h e  Sun of sources  of QSCS inducing classical 
M-disturbances, i s  s i g n i f i c a n t l y  more complex. However, i t  may be  s a i d  a t  
t h e  same t i m e  t h a t  n e a r l y  a l l  t h e  la tes t  i n v e s t i g a t i o n s  l i n k  t h e s e  sources  
wi th  t h e  last  phase of active r eg ion  ex i s t ence ,  b a s i c a l l y  wi th  t h e  phase,  
when t h e  increased  o p t i c a l  emission i n  i t  i s  a l r e a d y  q u i t e  weak o r  simply in- 
e x i s t e n t ,  wh i l e  t h e  main c h a r a c t e r i s t i c  of t h e  r eg ion  i s  t h e  l o c a l  magnetic 
f i e l d .  It  i s  t r u e  t h a t  some of t h e s e  i n v e s t i g a t i o n s  a t tempt  t o  show t h a t  i n  
t h e i r  last  phase,  t h e  active reg ion  induce g e n e r a l l y  a l l  t h e  r e c u r r e n t  d i s -  
tu rbances  (of t h e  R and M t ypes ) .  Babcock [62] ventured t h e  hypothes is  i n  1955 
t h a t  g e n e r a l l y  t h e  main source  of 
reg ions .  However, i n  t h e  work [63] ,  t h e  presence of such a u n i v e r s a l  r e l a t i o n -  
s h i p  w a s  no t  confirmed. And indeed, t h e  material presented  i n  t h e  preceding 
sub-sect ion A show t h a t  t h e  sources  of t h e  - bulk  of r e c u r r e n t  d i s tu rbances  are 
t h e  act ive r eg ions  i n  t h e i r  0.m.-phase. 

QSCS are t h e  so c a l l e d  un ipo la r  magnetic 
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The author of [44] expressed the hypothesis that the source of recurrent 
disturbances (mainly M-disturbances), which are observed without the presence 
of noticeable optical activity, are the active regions in their last magnetic 
phase. This assumption is corroborated by the following results: 

a) a detailed review of all clearest, classical M-disturbance sequences 
of the last 5 cycles, completed in reference [42], has shown (as already men- 
tioned previously) that in most cases the first terms of long sequences of 
M-disturbances are taused by active regions in their 0.m.-phase; 

b) it has been established in [61] and [64] by the autocorrelation method 
that there is a relationship between the magnetic fields on the Sun, the in- 
terplanetary magnetic fiedls and the recurrent geomagnetic disturbances. In 
these investigations, related mostly to the lower activity level, the - weak 
magnetic fields on the Sun play a great role; they doubtless are the "tail" 
of active regions, earlier existing in their 0.m.-phase; 

The authors of the indicated works note that, besides anything else, an 
important role in the problem of localization and origin of QSCS may be play- 
ed by the quasistationary sectorial structure of the interplanetary magnetic 
fields. However, the time period, studied in the works [61] and [64] is very 
small (see introductory remarks to section 2) and this is why the results ob- 
tained in these works require further corroboration; 

c) in the solar activity minimum the recurrent disturbances connected 
with active regions in their 0.m.-phase, and the classical M-disturbances 
have a common characteristic, which is the quite great duration of one dis- 
turbance, At, in both types )see section 3 of this paper). 

3 .  DIMENSIONS OF THE SOURCES INDUCING QSCS 

The question of dimensions (on the Sun's "surface") of sources inducing 
QSCS is important on account of a whole series of causes and, in the first 
place, on account of the following. 

From the standpoint of conclusions, drawn in the preceding section, one 
could have anticipated that the dimensions of the source ought to coincide 
with the outer boundaries of the active region. However, the purely solar 
observations have not, so far, permitted to verify the above assertion, so 
that we are confronted with the necessity to involve the data that are related 
to great distances from the Sun. One might, for example, utilize the informa- 
tion obtained from the study of geomagnetic disturbances. 
information raises a series of questions that should be discussed. 

The use of this 

Extension of Sources in Longitude 

The duration At of a geomagnetic disturbance is determined in the first 
place by the extension C of a corpuscular stream, measured along the Earth's 
orbit. This extension C is in its turn determined by the following factors: 

. * / .  . 
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a) longitudinal expanse 6L of the active region on the Sun; b) dispersion 
velocity of gases in the flow AV; c) deflection of fluxes from radiality (*), 
these deviations are linked with the presence in moving gases of transverse 
velocity component Vt. 

The longitudinal expanse of active regions in the 0.m.-phase usually 
is of about one to two days. 
rage, the values of V on the descending branch of the cycle are comprised 
within the limits of 400 to 600 km/sec. 
dispersion in time of about 1.4 days. Therefore, if it is expressed in days, 
C constitutes, at the expehse of superimposition of both these factors, 
2.5 to 3 . 5  days. As to the third factor, if we assume for Vt values not 
exceeding, on the average, 20 km/sec, it can play no substantial role 1141. 

It may be further assumed [52] that on the ave- 

At flow radiality, this gives a 

A rather large number of recurrent disturbances, free from the effect 
of mutual superimposition of neighboring disturbances, are indeed character- 
ized by the values of AT, comprised within the indicated limits of 2.5 to 3.5 
days. However, the value of AT is greater in numerous cases. Particularly 
high values of AT are observed in the activity minimum itself. We present 
herewith the graph borrowed from [42] 
(Fig.9). This graph is analogous to 
the upper part of Fig.5. However, in 
Fig.9 the descending branch of solar 
activity cycles is divided in three 
parts in accordance with the limiting 
values for S, indicated on the left. 
The value of S is the smoothed value 
of the relative number of spots. 

From Fig.9 we may see that the 
maximum of R for the two upper curves 
has practically an identical shape. 
At the same time, in the lower curve 
related to the activity minimum, the 
maximum of R has a "column-like" cha- 
racter; this means that here the mean 
duration of one disturbance is signifi- 
cantly.longer. Note that all the three 
maxima of R in Fig.9 are somewhat wi- 
dened along the abscissa axis (by con- 
parison with the true duration of the 
disturbance), because the interval, 
that is, the lag At between the PCM 
time for the active region and the 
commencement of the corresponding dis- 
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Fig. 9 

Curves of the superimposition of 
epoch method, analogous to the 
curve I of Fig.5, but constructed 
for various phases of the descend- 
ing branch of solar activity. 
(S is the relative number of sun- 

spots t421) 

turbance is somewhat different at the various active regions. 

The indicated property of the values of AT is related to a still greater 
degree to disturbances that are part of classical M-sequences; 
value of ATreachesup to 8 - 10 days (see, for example, [66]  the well known 
sequence of classical M-disturbances of 1943-1944). In this regard, R- and 
M-disturbances in the activity minimum have analogous characteristics. 

at times the 

(*I the term "radiality", apparently inexistent in English expresses the 
radial state of the direction. 
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What is then  t h e  n a t u r e  of such h igh  va lues  of AT i n  t h e  a c t i v i t y  minimum? 
The au thor  of [44] l i nked  t h e  h igh  va lues  of AT i n  t h e  a c t i v i t y  minimum wi th  
t h e  pos tu l a t ed  ve ry  s m a l l  v a l u e s  of s o l a r  plasma v e l o c i t i e s  ( t o  200 - 100 km/ 
sec. 
of Pig.9 (clear circle) corresponds t o  a v e l o c i t y  of ?J 300 km/sec. I d e n t i c a l  
va lues  of v e l o c i t i e s ,  of t h e  o rde r  of 300 km/sec, fo l low a l s o  from s o l a r  plasma 
measurements c a r r i e d  ou t  f o r  t h e  a c t i v i t y  minimum ( see  F ig .3  from work [58] ) .  
I n  connect ion wi th  t h i s  l e t  u s  no te  t h a t  f o r  a h igher  l e v e l  of s o l a r  a c t i v i t y  
( f o r  t h e  descending branch of t h e  cyc le )  t h e  c e n t e r  of t h e  ascending curve of 
R maximum i n  t h e  uppermost p a r t  of Fig.9 and t h e  measurements, c a r r i e d  ou t  i n  
[52] wi th  t h e  he lp  of "Mariner-2" y i e l d  h igher  va lues  of v e l o c i t y  f o r  t h e  
pe r iods  of K i n c r e a s e ,  from 400 t o  500 km/sec. 

The median p a r t  of t h e  ascending curve  of maximum i n  t h e  lowest  p a r t  

P 

From Fig.3 of [58] i t  fo l lows  a l s o  t h a t  t h e  d i s p e r s i o n  i n  plasma ve loc i -  
t ies  is  comparat ively s m a l l ,  no more than  50 km/sec. A l l  t h i s  does not  a l low 
us t o  u t i l i z e  t h e  exp lana t ion  of g r e a t  AT, g iven  i n  [ 4 4 ] .  Nor i s  t h e  i n t r o -  
duc t ion  of t r a n s v e r s e  v e l o c i t i e s  V t  t o  y i e l d  anyth ing ,  f o r  they are too low. 

Moreover, i f  t h e  corpuscular  stream emanates from comparatively s m a l l  
r eg ions  on t h e  Sun, i ts  pure ly  "geometrical" expansion on t h e  pa th  from t h e  
Sun t o  t h e  Ear th  does n o t  r e s o l v e  t h e  problem. Indeed, one should bear  i n  
mind t h a t  numerous M-disturbances have not  only a long d u r a t i o n  AT,, bu t  a l s o  
a s imultaneous h igh ,  o r  even very  h igh  i n t e n s i t y  IM. In o the r  words, numerous 
c lass ical  M-disturbances have t h e  c h a r a c t e r i s t i c  p e c u l i a r i t y ,  which i s  t h e  
high va lue  of t h e  t o t a l  energy EM = AT, IM included i n  them! 

The problem, a r i s i n g  i n  connect ion wi th  t h e  above, is q u i t e  complex, 
and t h i s  complexity is l inked  wi thout  doubt w i th  s p e c i f i c  p r o p e r t i e s  of cyc le  
minimum as t r a n s i t i o n a l  phase i n  t h e  development of s o l a r  a c t i v i t y  (see t h e  
In t roduc t ion  t o  t h e  p r e s e n t  paper ) .  

Taking t h e  above cons ide ra t ions  i n t o  account ,  i t  appears  t o  be  reason- 
a b l e  t o  a t tempt  t h e  exp lana t ion  of t h e  long du ra t ion  of numerous type-R d i s -  
tu rbances ,  and p a r t i c u l a r y  of t h e  type-M i n  t h e  epoch of a c t i v i t y  minimum, 
by t h e  comparatively l a r g e  geometr ica l  dimensions of t h e  source  of flow i n s i d e  
s o l a r  corona above t h e  active reg ions . ( In  t h e  work [95f t h e  s o l u t i o n  of a l i k e  
problem is  based on a hypothes is  t h a t  t h e  magnetic f i e l d  l i n e s  d ive rge  from 
a c t i v e  r eg ions  i n  t h e  shape of a p e c u l i a r ,  very  wide "fan", occupying a l a r g e  
long i tude  range.  However, t h i s  hypothes is  (see Fig.11 of [95])  encounters  
from t h e  s t andpo in t  of coronal  obse rva t ions ,  s p e c i f i c  d i f f i c u l t i e s ) .  A t  t h e  
same t i m e ,  w e  must, however, have some r e p r e s e n t a t i o n  of t h e  reason why nume- 
rous  M-disturbances are so  i n t e n s e .  I n  [68]  t h e  o r i g i n  of r e c u r r e n t  d i s t u r b -  
ances  i s  l inked  wi th  t h e  phenomena of increased  turbulence  i n  f lows of t h e  
considered type.  However , i t  fo l lowsfrom t h e  works [58] and [591 t h a t  t h e  in-  
t e n s i t y  of d i s tu rbances  is t o  a g r e a t  degree  dependent on t h e  i n t e n s i t y  B of 
t h e  magnetic f i e l d ,  f rozen-in i n t o  t h e  flow. On t h e  o t h e r  hand, t h i s  f i e l d  
i n  f lows,  inducing M-disturbances, i s  i n  no case g r e a t e r  than  t h e  f i e l d  i n  
t h e  flows inducing t h e  s tandard  R-disturbances.  Th i s  i s  suggested by t h e  
f a c t  t h a t  l o c a l  magnetic f i e l d s  i n  t h e  0.m.-phase are even g r e a t e r  than t h e  
f i e l d  of a c t i v e  r eg ions  i n  t h e i r  f i n a l  phase. Therefore ,  i t  is p o s s i b l e  
t h a t ,  c o n t r a r y  t o  conclus ions  of [68] ,  t h e  g r e a t  r o l e  i n  f lows inducing M-dis- 
turbances is  much r a t h e r  played by t h e  o r d e r l i n e s s  of magnetic f i e l d s ,  and 
not  t h e  increased  turbulence .  
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L e t  u s  now b r i e f l y  examine what even t s  on t h e  Sun could c o n s t i t u t e  t h e  
It would be p o s s i b l e  t o  l i n k  between t h e  g r e a t  expanse of sources  of QSCS. 

admit t h a t  t h e  s t r e t c h e d  sources  of f lows  may be  "unipolar"  r eg ions  [62] ,  
o r  t he  so c a l l e d  " a c t i v i t y  complexes" 1691. However, t h i s  ques t ion  is n o t  
e n t i r e l y  clear Indeed, i n  o rde r  t o  e x p l a i n  such geomagnetic sequences as, 
f o r  example, t h a t  of 1943-1944 [66] ,  i t  is necessary  t o  admit t h a t  t h e  cor res -  
ponding source  on t h e  Sun has  a l o n g i t u d i n a l  expanse up t o  10  days (!), and 
i t  may then  e x i s t  up t o  one year!  Apparently,  t h e  "unipolar"  r eg ions  and t h e  
" a c t i v i t y  complexes" do n o t  s a t i s f y  t h e s e  requirements .  Besides,  as a l r e a d y  
mentioned, t h e  lowermost curve i n  F ig .9 ,  r e l a t e d  t o  s o l a r  a c t i v i t y  minimum 
and cons t ruc ted  f o r  a c t i v e  r eg ions  i n  t h e i r  0.m.-phase (of which a g r e a t  num- 
be r  are ve ry  s t r o n g ) ,  a l s o  p o i n t s  t o h i g h  va lues  of AT. A t  t h e  same time, t h e  
expanse of t h e  considered a c t i v e  r eg ions  i s  q u i t e  normal. 

I n  connect ion w i t h  a l l  t h e  cons ide ra t ion  i n  s e c t i o n  4 of t h e  paper ,  t h e  
hypothes is  w i l l  be  cons idered ,  whereby t h e  s t r e t c h e d  sources  of t h e  consider-  
ed f lows are loca ted  i n  t h e  corona and are cha rac t e r i zed  by a comparatively 
autonomous ex i s t ence .  

To conlcude t h e  g iven  ques t ion  i t  should be remarked t h a t  t h e r e  is  s t i l l  
another  hypothes is ,  brought f o r t h  by Mogilevskiy [70] .  
hypothes is ,  even t h e  "extreme" (o r  "edge") p o i n t s  of a prolonged r e c u r r e n t  
d i s tu rbance  are induced by o e n t r a l ,  most e f f e c t i v e  p a r t s  of t h e  corpuscular  
stream. However, he re  too  t h e  ques t ion  arises, why p r e c i s e l y  M-disturbances 
are so  prominent i n  t h e i r  long du ra t ion .  

According t o  t h i s  

Extension of Sources i n  L a t i t u d e  

C e r t a i n  informat ion  on t h e  expanse of sources  of QSCS i n  l a t i t u d e  can be 
obtained from t h e  s tudy  of geomagnetic d i s tu rbances .  Thus, f o r  example, assu- 
m e  t h a t  s easona l  f l u c t u a t i o n s  i n  t h e  number of r e c u r r e n t  d i s tu rbances  are de- 
termined by t h e  p r o b a b i l i t y  i n  t h e  course  of a year  of t h e  Ea r th  h i t t i n g  t h e  
r ad ia l ly -d i r ec t ed  corpuscular  streams from active reg ions .  I n  t h i s  case, i t  
may be concluded t h a t  t h e  source  of t h e  corresponding f lows does no t  " s t r e t ch"  
t o  t h e  equator  i t s e l f ,  bu t  is  approximately bounded by t h e  low- la t i tude  l i m i t  
of t h e  active zone on t h e  Sun. 

The ques t ion  of o r i g i n  of seasonal  f l u c t u a t i o n s  i n  t h e  course  of geoma- 
g n e t i c  d i s tu rbance  has  been d iscussed  a l r e a d y  i n  t h e  course  of numerous de- 
cades.  Two hypothesesare  proposed t o  e x p l a i n  t h e s e  f l u c t u a t i o n s :  

a )  according t o  t h e  f i r s t ,  t h e  so c a l l e d  axial  hypothes is ,  seasonal  f l u c -  
t u a t i o n s  of geomagnetic a c t i v i t y  are determined by t h e  approximate r a d i a l i t y  
of QSCS and by t h e  f a c t  t h a t  near  t h e  e q u i n o c t i a l  t i m e s  (but  n o t  e x a c t l y  a t  
t i m e  of equinoxes) t h e  rad ius-vec tor ,  t r aced  from the Ear th  t o  t h e  Sun, i s  
loca ted  c l o s e s t  of a l l  t o  zones of s o l a r  a c t i v i t y  (when Bo i s  maximum i n  i t s  
abso lu te  va lue  and c l o s e  t o  7'); 

b) according t o  t h e  second, t h e  se c a l l e d  "equinoct ia l"  hypothes is ,  t h e  
t i m e s  of geomagnetic a c t i v i t y  maximum are l inked  wi th  those ,  i n  t h e  g iven  case 
e q u i n o c t i a l  moments of t i m e ,  when t h e  ang le s  between t h e  geomagnetic a x i s  and 
t h e  normal t o  t h e  d i r e c t i o n  of motion of corpusc les  a r r i v i n g  from t h e  Sun, 
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assumes i ts  least va lue .  I n  t h e  g iven  case t h e  c h a r a c t e r  of s o l a r  corpuscu- 
lar  streams' i n t e r a c t i o n  wi th  t h e  E a r t h ' s  magnetosphere becomes e s s e n t i a l .  

I n  t h e  review [l], t h e  au thor  brought f o r t h  a whole series of arguments 
i n  f avor  of t h e  f a c t  t h a t  over t h e  descending branch of t h e  s o l a r  c y c l e  t h e  
" r a d i a l i t y "  of QSCS p lays  a very  g r e a t  p a r t  i n  t h e  problem under cons idera t ion .  
Over t h e  ascending branch, dur ing  a c t i v i t y  maximum and a t  t i m e  of t h e  minimum 
i t s e l f ,  t h e  r a d i a l i t y  is  mani fes t  on ly  t o  a f e e b l e  degree ,  i f  i t  i s  no t  a l t o -  
ge ther  absen t ;  t h i s  i s  p a r t i c u l a r l y  c h a r a c t e r i s t i c  f o r  t h e  ascending branch 
of t h e  cyc le .  However, t h e r e  are a series of f a c t o r s  sugges t ing  t h a t  t h e  d i s -  
p o s i t i o n  of t h e  geomagnetic a x i s  relative t o  t h e  d i r e c t i o n  of incoming corpus- 
c l e s  may p lay  a d e f i n i t e  r o l e  even over  The au thor  
of [71] has  shown, i n  p a r t i c u l a r ,  t h a t  f o r  h igh - l a t i t ude  geomagnetic s t a t i o n s  
t h e  c h a r a c t e r  of d a i l y  v a r i a t i o n s  of geomagnetic a c t i v i t y  is  q u i t e  s t r o n g l y  
dependent upon t h e  season.  

t h e  descending branch. 

The conclus ion  t h a t  t h e  "equinoct ia l"  hypothes is  is s i g n i f i c a n t l y  b e t t e r  
s u b s t a n t i a t e d  than  the "axia l"  hypothes is  was  made by Wilcox i n  h i s  review 
paper [ 8 ] ,  where r e f e r e n c e  is  made t o  t h e  corresponding works on t h e  s u b j e c t  
matter i n  ques t ion .  Th i s  is why we s h a l l  forego a l l  t h e  argumentations in-  
cluded i n  t h e  work [8]. Note only,  t h a t  according t o  Meyer [72] and Roosen 
[ 7 3 ] ,  t h e  seasonal  maxima of geomagnetic a c t i v i t y  co inc ide  much more c l o s e l y  
wi th  t h e  e q u i n o c t i a l  t i m e s  (23 September and 21 March) than  w i t h  t h e  moments 
of t i m e  when t h e  q u a n t i t y  lBol is maximum (7 September and 5 March). 

A t  t h e  same t i m e  t h e r e  a r e f a c t s w h i c h  are evidence t h a t  i n  a series of 
cases t h e  r a d i a l i t y  of corpuscular  streams s t i l l  p l ays  a no tab le  r o l e  i n  t h e  
problem of seasona l  f l u c t u a t i o n s  of geomagnetic a c t i v i t y .  We s h a l l  enumerate 
some of them, whereupon w e  s h a l l  bear  i n  mind most ly  t h e  descending branch 
of s o l a r  a c t i v i t y  (see above): 

a )  F ig .5  i s  evidence of streams' r a d i a l i t y ;  con t r a ry  t o  t h e  bulk  of o r i -  
g i n a l  d a t a  c o n s i d e r e d i n  t h e  review [8]; i t  is indeed based upon a d i r e c t  in-  
formation on s o l a r  a c t i v i t y ,  and n o t  on geophysical  da t a .  The days of active 
r eg ions '  passage through t h e  c e n t r a l  mer id ian  of t h e  Sun, u t i l i z e d  during t h e  
p l o t t i n g  of Fig.5,  are represented  f o r  active reg ions  of group I i n  t h e  works 
[74] and [49] ,  and f o r  a c t i v e  r eg ions  of sub-group 111.1 which r e f e r  t o  t h e  so 
c a l l e d  "unfavorable" hemisphere [l], [26] ,  i n  t h e  work [75] .  The active re- 
g ions  of t h e  sub-group I I u  c o n s t i t u t e  t h e  bulk of active reg ions  of t h e  group I1 
and t h i s  
nea r ly  i d e n t i c a l .  

is  why t h e  dependences of I1 and 11, on t h e  "MNE" (?) curves are 

The u t i l i z a t i o n  of lists of active reg ions ,  compiled i n  [741, [491, [751 
shows t h a t  t h e  seasona l  d i s t r i b u t i o n  of t h e  number of days of active reg ions '  
passage through t h e  c e n t r a l  meridian i s  p r a c t i c a l l y  i d e n t i c a l  f o r  t h e  a c t i v e  
r eg ions  of groups I and II,, which i s  simply l i nked  w i t h  beforehand superim- 
posed l i m i t a t i o n s ,  when s o r t i n g  t h e  corresponding active reg ions  of both 
groups (on t h e  descending branch of t h e  cyc le ,  most of active reg ions  are 
disposed on low he l iog raph ic  l a t i t u d e s ,  and t h i s  i s  why a t  t h e  t i m e s  when I Bo 1 
i s  small, so is t h e  number of active reg ions  of both groups) .  I n  connect ion 
wi th  t h i s ,  t h e  r a d i c a l  d i f f e r e n c e  between t h e  dependences I and I1 i n  Fig.5 
MUST be f u l l y  a sc r ibed  to  t h e  f a c t  t h a t  over t h e  descending branch of t h e  
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cyc le ,  corpuscular  streams are approximately r a d i a l ,  and f o r  t h a t  reason,  
t h e  f l u x e s  emerging from a c t i v e  reg ions  of t h e  group IIu, by-pass t h e  Earth!  
Note here  a l s o  t h a t  t h e  v a l i d i t y  of t h e  d i f f e r e n c e s  between t h e  dependences 
I and I1 i n  F igure  5 i s  confirmed by s t a t i s t i c a l  a n a l y s i s  [76] .  

b)  I n  t h e  yea r s  of low a c t i v i t y  t h e  mean he l iog raph ic  l a t i t u d e  of active 
reg ions  on t h e  descending branch of t h e  cyc le  is  q u i t e  low, and t h i s  i s  why 
he re ,  i n  t h e  presence of r a d i a l i t y  i n  t h e  f lows,  seasonal  v a r i a t i o n s  of t h e  
geomagnetic a c t i v i t y  must be q u i t e  no t i ceab le .  To t h e  con t r a ry ,  on t h e  ascend- 
ing  branch of t h e  cyc le ,  t h e  a c t i v e  r eg ions  are loca ted  a t  high l a t i t u d e s  and, 
f o r  t h a t  reason ,  QSCS are "d i rec ted"  toward t h e  Ea r th  comparatively seldom 
and, appa ren t ly  i n  a casua l  f a sh ion ;  and t h i s  is so  because of "de f l ec t ing"  
f a c t o r s .  This  i s  why t h e  seasonal  f l u c t u a t i o n s  on t h e  ascending branch of 
t h e  cyc le  must be  s u b s t a n t i a l l y  less expressed. Th i s  is f u l l y  confirmed by 
t h e  Bartels'  work [ 7 7 ] ,  i n  which i t  is  found t h a t  f o r  t h e  pe r iod  preceding 
t h e  cyc le  minimum, t h e  ampli tude C2 uf seasonal  f l u c t u a t i o n s  is  by a f a c t o r  
of 4 g r e a t e r  than  C2 f o r  t h e  ascending branch of t h e  cyc le .  

c )  The geomagnetic a c t i v i t y  o f t e n  a t t a i n s  q u i t e  h igh  a level even i n  t h e  
neighborhood of s o l s t i c e s .  It may be shown, f o r  i n s t a n c e ,  t h a t  t h e  long geo- 
magnetic sequence of 1962-1963, of which t h e  f i r s t  t e r m  w a s  c l e a r l y  percept-  
i b l e  on 21 November 1962, revea led  s t r o n g  d i s tu rbances  i n  t h e  middle of De- 
cember 1963. There are q u i t e  many such cases and a l l  of them show t h a t  t h e  
o r thogona l i ty  of t h e  geomagnetic a x i s  t o  t h e  d i r e c t i o n  of motion of corpus- 
c u l a r  streams can no t  h inder  t h e  onse t  of geomagnetic d i s tu rbances  and cannot 
even n o t i c e a b l y  weaken them! Note he re  a l s o  t h a t  t h e  descr ibed  cases of no t i -  
ceab le  d i s tu rbances  near s o l s t i c e s  are n a t u r a l l y  explained by d e v i a t i o n  of 
streams from t h e  r a d i a l  d i r e c t i o n .  

d )  The curves  of geomagnetic a c t i v i t y ,  p l o t t e d  by average monthly A*- 
i n d i c e s  i n  t h e  work [ 7 7 ] ,  show a very  f e e b l e  c o r r e l a t i o n  wi th  t h e  re la t ive 
number of sunspots .  The "center  of grav i ty ' '  of t h e  geomagnetic a c t i v i t y  i s  
s h i f t e d  by a few y e a r s  t o  t h e  s i d e  of r e t a r d a t i o n  toward t h e  s o l a r  a c t i v i t y  
matimum. One can ha rd ly  doubt t h a t  t h i s  is l inked  w i t h  t h e  r a d i a l i t y  of 
corpuscular  streams and w i t h  t h e  inc reas ing  p r o b a b i l i t y  f o r  t h e  Ear th  of h i t -  
t i n g  t h e  QSCS a t  t r a n s i t i o n  from maximum t o  minimum of s o l a r  a c t i v i t y  [71]. 
And w e  do know, indeed,  t h a t  i f i  t h e  yea r s  of a c t i v i t y  maximum, when t h e r e  are 
p resen t  on t h e  Sun an  enormous number of active reg ions ,  pe r iods  wi th  weak 
geomagnetic a c t i v i t y  are comparatively easy t o  f i n d ;  even t h e i r  nea r ly  t o t a l  
absence can be not iced .  

e) To a l l  t h e  above expounded cons ide ra t ions  w e  s t i l l  may add t h e  f o l -  
lowing argument. This  c o n s i s t s  of t h e  f a c t  t h a t  sporadic  geomagnetic d i s t u r b -  
ances ,  caused by chromospheric f l a r e s ,  do no t  show any seasonal  e f f e c t s  [50]. 
On t h e  o t h e r  hand, q u a s i s t a t i o n a r y  streams and f l u x e s  from chromospheric f la-  
res d i f f e r  l i t t l e  from one another  [ 7 1 ] .  Consequently, had t h e  geophysical  
event  played a fundamental p a r t  i n  seasonal  events  of geomagnetic d i s tu rbances ,  
they  would have been mani fes t  a l s o  f o r  
mospheric f l a r e s ,  which is  not  so. 

How, t h e r e f o r e ,  should w e  connect 
s i o n s  drawn i n  [8] w i t h  t h e  f a c t s  j u s t  
of such divergences:  

spo rad ic  d i s tu rbances  induced by chro- 

t h e  d i sc repanc ie s  between t h e  conclu- 
d i scussed?  W e  may p o i n t  t o  two causes  

../.. 
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a )  The main p a r t  of t h e  i n v e s t i g a t i o n s ,  upon which t h e  d i scuss ion  of 
t h e  problem is  based i n  [8], is r e l a t e d  t o  t h e  e n t i r e  c y c l e  of s o l a r  a c t i v i t y .  
A t  t h e  same t i m e ,  i t  w a s  underscored above t h a t  t h e  r a d i a l i t y  of QSCS is suf-  
f i c i e n t l y  c l e a r l y  mani fes t  on ly  on t h e  descending branch of t h e  cyc le .  

This  is why t h e  u t i l i z a t i o n  of t h e  e n t i r e  cyc le  may d iminish  t h e  a n t i -  
c ipa t ed  e f f e c t  of r a d i a l i t y  t o  zero.  Here a very  important ro l e  must be 
played by very  intense corpuscular  f l u x e s  from b r i g h t  chromospheric f l a r e s ,  
which exer ted  a s t r o n g  in f luence  on t h e  conclusions der ived i n  [8]  on ly  i m -  
p l i c i t e l y .  

b) The second cause of t h e  ind ica t ed  divergences may be t h e  f a c t  t h a t  i n  
t h e  works, d i scussed  i n  181, the s tud ied  geomagnetic a c t i v i t y  w a s  t h a t ,  whose 
l e v e l  might,  n a t u r a l l y ,  depend on pure ly  geophysical  f a c t o r s  ( p o s i t i o n  of t h e  
geomagnetic axis i n  space  and o t h e r s ) .  
t h e  f lows must be analyzed i n  t h e  f i r s t  p l ace  from t h e  s tandpoin t  of t h e  NUMBER 
of corpuscular  streams r e g i s t e r e d  by t h e  observer  on Earth.  Unfortunately,  
t h e  eva lua t ion  of t h i s  number f o r  va r ious  seasons is  d i f f i c u l t ,  f o r  t h e  solu-  
t i o n  of t h e  p rob leminc ludesa l so  t h e  accounting of t h e  j u s t  i nd ica t ed  geophy- 
s ica l  f a c t o r s .  

A t  t h e  same t i m e ,  t h e  r a d i a l i t y  of 

Therefore ,  t h e  i n v e s t i g a t i o n s  d iscussed  in [8], which are e s s e n t i a l l y  
of geophysical  n a t u r e ,  do n o t  c o n t r a d i c t  t h e  conclus ions  of [ l ]  on t h e  appro- 
ximate r a d i a l i t y  of QSCS, a t  least on t h e  descending branch of s o l a r  cyc le .  
Apparently,  t h e s e  streams are approximately r a d i a l  i n  - a l l  phases of t h e  cyc le ;  
however, t h e i r  d e t e c t i o n  is  easiest over  t h e  descending branch. To t h i s  w e  
should still add t h e  f a c t  t h a t  t h e  approximate ("on t h e  average") r a d i a l i t y  
of QSCS fo l lows  a l s o  from measurements wi th  t h e  a i d  of space probes. 

A t  t h e  same t i m e ,  we should aga in  make t h e  remark, t h a t  i n  a series of 
cases t h e  ind ica t ed  r a d i a l i t y  i s  d i s rup ted  (apparent ly  most o f t e n  over  t h e  
ascending branch of t h e  cyc le) .  Such d i s r u p t i o n s ,  a t t a i n i n g  up t o  l o o ,  are 
r e g i s t e r e d  wi th  t h e  a i d  of space probes [78]. Here we may recall t h a t ,  f o r  
example, t h e  onse t  of recurrent geomagnetic d i s tu rbances  on t h e  ascending 
branch of t h e  cyc le  ( recur rence  per iod of about 28 days) is most n a t u r a l l y  
explained by t h e  f a c t  [ 4 5 ]  t h a t  dur ing  t h a t  t i m e  t h e  f l u x e s ,  emerging from 
a c t i v e  reg ions ,  are i n  i s o l a t e d  cases  d e f l e c t e d  toward t h e  equator ,  and, 
by t h e  same token, they  may be m e t  wi th  t h e  Earth.  

Returning t o  t h e  main problem of t h e  p re sen t  s e c t i o n ,  namely t h a t  of 
t h e  e x t e n t  of sou rces  of QSCS on t h e  Sun, w e  may s ta te  t h e  fol lowing.  The 
f a c t  t h a t  t h e  number of r e c u r r e n t  d i s tu rbances  reveals t h e  seasonal  f l uc tua -  
t i o n s ,  is evidence t h a t  t h e  sources  of QSCS do indeed reach very o f t e n  t h e  
Sun's equator  and do not  descend below t h e  l a t i t u d i n a l  boundary of active 
reg  ions.  

* 
* *  
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4. PROBLEMS OF O R I G I N  OF QUASISTATIONARY GAS 

OUTFLOW FROM THE SUN 

A. Corpuscular Streams from t h e  Active Regions i n  The i r  F i r s t  
O p t i c a l  and Magnetic Phase, 

L e t  us  begin wi th  t h e  d i scuss ion  o f . t h e  ques t ion  of s o l a r  corona s t r u c -  
t u r e  above t h e  active reg ions  and of how t h i s  corona passes  i n t o  t h e  i n t e r -  
p l ane ta ry  space.  

Above t h e  active reg ions  t h e  s o l a r  corona is  no t  homogenous and is  cha- 
r a c t e r i z e d ,  i n  p a r t i c u l a r ,  by a series of p e c u l i a r i t i e s ,  of which t h e  f i n e  
s t r u c t u r e  is t h e  p r i n c i p a l  (see [ l o ] ,  [ l l ] ,  [12] and [13] .  A s  f a r  as w e  are 
concerned, t h e  g r e a t e s t  i n t e r e s t  r e s i d e s  q u i t e  n a t u r a l l y  i n  t h e  extended co- 
r o n a l  r a y s ,  observed during e c l i p s e s .  Related t o  them are: a) t h e  relative- 
l y  s t r a i g h t  R-rays, d i scussed  i n  d e t a i l  i n  [25 ] ,  [26] and [ l ] ,  i n  Fig.15; 
see a l s o  [ l o ] ,  [ll]); b)  11-rays, streamers (same re fe rences ) .  

We should n o t e  h e r e  too ,  t h a t  11-rays, streamers, are much r a t h e r  charac- 
t e r i s t i c  of t h e  l a s t ,  mainly magnetic phase of development of active reg ions  
( i f  w e  judge by t h e  presence of f i l amen t s  on t h e  Sun [79 ] ,  and t h e  d i scuss ion  
of Fig.10 i n  t h e  s e c t i o n  B of t h i s  chap te r ) .  
phase; i n  p a r t i c u l a r ,  t h e  r e s u l t s  ob ta ined  i n  [551, [56 ] ,  [57 ] ,  [58] and re- 
presented  i n  F.igures 8 and 4 ,  a l l  r e f e r  p r e c i s e l y  t o  t h i s  f i r s t  phase of de- 
velopment of t h e  active reg ion ,  when chromospheric f l a r e s  are observed i n  i t .  
Besides ,  i t  i s  shown i n  s e c t i o n  1, t h a t  i f  11-rays do reach t h e  E a r t h ' s  o r b i t ,  
they do s o  i n  a very  a t t e n u a t e d  form. 
centered mainly on R-rays. 

Here w e  cons ider  t h e  f i r s t ,  0.m- 

Therefore ,  h e r e  our  i n t e r e s t  must be  

t o  
A s  a l r eady  poin ted  o u t  i n  s e c t i o n  2 ,  t h e  s tudy  of QSCS l e a d s / t h e  conclu- 

s i o n  [46 ] ,  t h a t  each such stream c o n s t i t u t e s  a combination of very  s t r e t c h e d  
magnetic tubes ( s e e  aga in  F igures  8 and 4) .  
tubes do c o n s t i t u t e  t h e  d i r e c t  ex tens ion  of R-rays i s  s t i l l  d i f f i c u l t  t o  say 
though thZs hypothes is  appears  t o  be  q u i t e  p l a u s i b l e .  I n  any case, t h e r e  
can be no doubt t h a t  t h e  tubes emerge from t h e  s o l a r  corona. The l i n e a r  
th ickness  of R-rays a t  t h e i r  base  is  of t h e  o rde r  of 10000 km. I f  t h i s  th ick-  
nes s  does not  i n c r e a s e  wi th  t h e  d i s t a n c e  from t h e  Sun as R ,  then  on t h e  Ea r th ' s  
o r b i t  t h e  th ickness  of t h e  tubes must be  of t h e  o r d e r  of one o r  severd  m i l l i o n  
k i lome te r s ,  which is  i n  accord wi th  t h e  estimate, made i n  p a r t i c u l a r  i n  [30].  

Whether o r  no t  t h e s e  magnetic 

In connect ion wi th  t h e  problemof s t r u c t u r e  of corpuscular  streams emerging 
from t h e  active r eg ions ,  w e  should p o i n t  t o  Mogilevskiy hypothesis  [70] ,  [80] .  
According t o  t h i s  hvpothes is ,  t h e  stream c o n s i s t s  of d i s c r e t e  plasma clouds 
wi th  proper  magnetic f i e l d  (M-elements). These M-elements, moving r a d i a l l y  
from t h e  Sun, are loca ted  along t h e  isochrome, forming i n  t h e i r  g r e a t e r  p a r t  
a quas i - sp i r a l  system (Archimedes s p i r a l )  of magnetic l i n e s  of fo rce .  Contra- 
r y  t o  earlier r e p r e s e n t a t i o n s ,  t h e  f i e l d  of each of t h e  elements is no t  l i nked  
wi th  t h e  Sun and has  a complex s t r u c t u r e .  
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The gene ra t ion  of t h e  ind ica t ed  M-plasmoids wi th  proper magnetic f i e l d  
(from t h e  s t a b i l i t y  cond i t ion  such a f i e l d  becomes comparatively r a p i d l y  
fo rce - f r ee ,  w e r e  i t  n o t  such p r i o r  t o  t h a t )  t akes  p l ace  cont inuously and re- 
l a t i v e l y  s lowly,  f o r  a t i m e  approximately equa l  t o  10 sec. The genera t ion  
process  of plasmoids is l inked  wi th  t r a n s f e r  from t h e  photosphere (and from 
sub-photospheric l a y e r s )  of r e l a t i v e l y  slow t o r s i o n  o s c i l l a t i o n s  which r e s u l t  
i n  tube  of f o r c e  "overlashing" wi th  
a n n i h i l a t i o n  i n  t h e  reg ion  of t h e  formed. From t h e  e n e r g e t i c  viewpoint such 
a process  f u l l y  ensures  a slow break-away of plasma wi th  t h e  f i e l d  and may 
cont inue s o  longas  t h e  magnetic f i e l d  e x i s t s  i n  t h e  active region.  

3 

t h e  appearance of i n s t a b i l i t y ,  and f i e l d  

E. I .  Mogilevskiy cons iders  t h a t  t h e  la tes t  i n v e s t i g a t i o n s ,  completed 
wi th  t h e  a i d  of supermonitors  {81], s a t i s f y  t h e  model under cons ide ra t ion .  Ac- 
cording t o  t h e s e  i n v e s t i g a t i o n s  t h e r e  i s  observed i n  t h e  i n t e r p l a n e t a r y  medium 
a cha in  of l a rge - sca l e  d i s c r e t e  magnetic f i e l d s  '(lo1 cm) , reminding of t h e  
f i e l d  of M-elements of t h e  considered model. The la t ter  exp la ins  a l s o  c e r t a i n  
morphological p e c u l i a r i t i e s  of geomagnetic d i s tu rbances ,  f o r  example, t h e  ex- 
p l ana t ion  of t h e  e x i s t e n c e  of storm "fami l ies" ,  see [82]. 

A very  important  problem of QSCS emerging from a c t i v e  reg ions  is  t h a t  of 
t h e i r  i n t e r a c t i o n  wi th  t h e  sdrrounding "unperturbed" corona, and a t  s t i l l  
g r e a t e r  d i s t a n c e s  from t h e  Sun - with  "unperturbed" s o l a r  wind. 
a c t i o n  p l ay  an  important  r o l e ,  because t h e  v e l o c i t i e s  of t h e  plasma moving 
from t h e  corona above a c t i v e  reg ions  are, as an average ,  g r e a t e r  than  t h e  ve- 
l o c i t i e s  of an "unperturbed" coronal  plasma. A s  a matter of f a c t  t h i s  pro- 
blem i s  s t i l l  unresolved q u a n t i t a t i v e l y .  One may p o i n t  only t o  t h e  f a c t  
t h a t  t h e  ind ica t ed  i n t e r a c t i o n  on t h e  lead ing  f r o n t o f  t h e  stream proceeding 
from t h e  active i e g i o n ,  Creates, s t a r t i n g  from a c e r t a i n  a l t i t u d e  above t h e  
Sun, comparatively dense q u a s i s t a t i o n a r y  reg ions  [83 ] ,  [l], [71] , [47]. A t  
t h e  s a m e  t i m e ,  shock waves may set i n ,  which induce a SC on Ear th  even i n  re- 
c u r r e n t  geomagnetic d i s tu rbances  [7], [84], [85]. The cons ide ra t ions ,  under 
d i scuss ion  i n  [l], [71], [47], al low us  apparent ly  t o  g r a s p ,  why, f o r  example, 
t h e  ang le s  of t h e  s p i r a l ,  f o r  which K p =  0 and $>/  3 i n  F ig .3  ( p a r t i c u l a r l y  
f o r  IMP-3) are p y a c t i c a l l y  i d e n t i c a l ,  though t o  these d i f f e r e n t  va lues  of Kp 
r e s p o n d d i f f e r e n t  plasma v e l o c i t i e s .  

This  i n t e r -  

Up u n t i l  now w e  considered t h e  ques t ion  of c e r t a i n  gene ra l  and common 
p r o p e r t i e s  of QSCS emerging from active reg ions  i n  t h e i r  0.m.-phase. 
t h e  n a t u r e  of t h e  f o r c e s  r e s u l t i n g  i n  gas  outf low from a c t i v e  reg ions?  
most n a t u r a l  would appear  t o  be  t h e  hypothes is ,  whereby t h e  gas outf low i s  
condi t ioned by processes  o f ' t h e r m a l  d i s s i p a t i o n  even above t h e  active reg ions .  
The a v a i l a b l e  d a t a  are indeed much r a t h e r  i n  favor  of t h e  idea  t h a t  t h e  kine- 
t i c  temperature  of gases  i n  t h e  corona above active reg ions  i s ,  on t h e  avera- 
ge s l i g h t l y  h ighe r  (by about  500.000°) t han  above t h e  unperturbed r eg ions  of 
t h e  Sun ( s e e  f o r  more d e t a i l e d  cons ide ra t ions  t h e  r e fe rence  [13]). I n  con- 
nec t ion  wi th  t h i s ,  as w a s  f i r s t  noted by K r a t  [86], t h e  active reg ions  may 
be  a p a r t i c u l a r l y  i n t e n s e  sou rce  of t h e  s o l a r  wind. This  hypothes is  is a l s o  
sus t a ined  by t h e  presence of a p o s i t i v e  c o r r e l a t i o n  between t h e  k i n e t i c  t e m -  
p e r a t u r e  of t h e  i n t e r p l a n e t a r y  plasma and t h e  magnitude of t h e  rate of i t s  
recess ion  from t h e  Sun ( s e e  [87]. A t  t h e  same time, one must b e a r  i n  mind 
he re  t h e  fol lowing circumstance __ .. stemming from d i r e c t  comparisons of active 

What i s  
The 
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reg ions  ( i n  t h e i r  0.m.-phase) wi th  t h e  sequences of R-disturbances induced 
by them. These comparisons show t h a t ,  i n s i d e  any given sequence, t h e  geo- 
magnetic d i s tu rbances  are much s t e a d i e r  than  t h e  o p t i c a l  f l o c c u l a r  emission 
i n s i d e  t h e  corresponding active region.  Thus, t h e  o p t i c a l  f l o c c u l a r  r a d i a t i o n  
i n s i d e  a long-l ived active reg ion  undergoes s t rong  b r igh tness  f l u c t u a t i o n s ;  
a t  t i m e s  it vanishes  a l t o g e t h e r ,  bu t  t h e  s e p a r a t e  terms of t h e  sequence indu- 
ced by t h a t  r eg ion ,  main ta in  about t he  same i n t e n s i t y  [88], [42] .  I n  connect- 
i o n  wi th  t h i s ,  one should no te  t h a t  t h e  coronal  r a d i a t i o n  above an cative 
reg ion  fol lows r a t h e r  c l o s e l y  t h e  course of f l o c c u l a r  emission. Here t h e  
s h i f t s  i n  t i m e  are comparatively s m a l l  [89] .  This  is why the  j u s t  i nd ica t ed  
f a c t o r s  sugges t  t h a t  t h e  temperature  of coronal  gases  above an a c t i v e  reg ion  
is  poss ib ly  n o t  t h e  only f a c t o r  determining t h e  gas  outf low from t h e  region.  
This  r e f e r s  t o  a s t i l l  g r e a t e r  degree t o  c lass ical  M-sequences ( see  f u r t h e r ) .  

Thus, judging from every ang le ,  t h e  increased  gas d e n s i t y  above the  
active reg ions  i n  t h e i r  0.m.-phase do n o t  play any g r e a t  r o l e  i n  t h e  o r i g i n  
of QSCS e i t h e r  ( I t  w a s  an earlier a u t h o r ' s  opinion t h a t  t h i s  f a c t  does p l ay  
an important  r o l e  i n  t h e  problem under cons ide ra t ion ) .  

I n  t r u t h  t h e r e  are foundat ions t o  cons ider  t h a t  t h e  corona has  a normal 
dens i ty  above t h e  sources  of corpuscular  streams inducing c lass ical  M-disturb- 
ances  ( i n  f a c t  approximately i d e n t i c a l  t o  t h a t  i n  t h e  ad jacent  unperturbed 
reg ions) .  This  fo l lows  from t h e  f a c t  t h a t  s t rong  M-disturbances are observed 
o f t e n  i n  t h e  absence i n  t h e  r e s p e c t i v e  reg ions  of t h e  Sun of increased  and, 
a t  t h e  same t i m e  time s t eady  f l o c c u l a r  and coronal  emissions,  and a l s o  of 
increased  radioemission ( s e e  [42] and t h e  subsequent t e x t ) .  

A l l  t hese  complex problems of o r i g i n  of QSCS w i l l  be  d iscussed  a t  f u r t h e r  
length  i n  connection wi th  the  f l u x e s  inducing c lass ical  M-disturbances. 

B.  CORPUSCULAR STREAMS I N D U C I N G  CLASSICAL 
M-DI STURBANCES 

The c lass ical  M-disturbances and t h e  f l u x e s  induced by them, c o n s t i t u t e  
i n  t h e  aggregate  q u i t e  a p e c u l i a r  phenomenon, mainly inhe ren t  t o  t h e  11-year 
cyc le  minimum and appa ren t ly  l i nked  wi th  t h e  complexity of t h e  t r a n s i t i o n a l  
per iod i n  the  development of s o l a r  a c t i v i t y  (see s e c t i o n  2 and a l s o  Table 1). 

A t  t h a t  t i m e  excep t iona l ly  s teady  even t s  are r e g i s t e r e d  on Ear th .  such 
as q u i t e  long sequences of M-disturbances and comparatively s h o r t  ones of R- 
d i s tu rbances ,  o r  even i s o l a t e d  d i s tu rbances  of t h e  s a m e  type  ( c l e a r l y  of n o t  
a f l a r e  type ) .  

One of  t h e  b e s t  c h a r a c t e r i s t i c s o f  M-disturbances i s  t h e  f a c t  t h a t  they  
are o f t e n  observed o u t s i d e  of any connect ion wi th  t h e  o p t i c a l  a c t i v i t y  on t h e  
Sun, ( s e e  s e c t i o n  2 and t h e  d e t a i l e d  d i scuss ion  of [42] of t h e  sha rpes t  M- 
d i s tu rbances ,  beginning from 1920. This  h inde r s  extremely t h e  l o c a l i z a t i o n  
of sources  of t h e  corresponding corpuscular  streams on t h e  Sun. 

A s  w a s  shown i n  s e c t i o n  2 ,  one of t h e  most probable  v a r i a n t s  i n  t h e  pro- 
blem of l o c a l i z a t i o n  is t h e  hypothes is  t h a t  t h e  source  of WSCS are active 
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regions i n  t h e i r  last magnetic phase ( see  [44 ] ,  [l], and, p a r t i c u l a r l y  [42 ] ) .  
I n  r e a l i t y  w e  have t o  admit t h a t  some unclear  p o i n t s  s t i l l  e x i s t  i n  t h i s  
hypothesis .  Thus, f o r  example, i t  is shown i n  s e c t i o n  3 t h a t  t he  q u i t e  
l a r g e  width of t h e  considered streams on the  Ea r th ' s  o r b i t  (high va lues  of 
t h e  e x t e n t  AT of M-disturbances) s t i l l  remains unexplained. However, i t  
w a s  shown t h e r e  too  t h a t  t h e  same takes  p lace  f o r  t h e  s tandard  R-disturb- 
ances i n  the  minimum ( s e e  the  lowermost curve i n  Fig.9,  p l o t t e d  according t o  
a c t i v e  regions i n  t h e i r  0.m.-phase). Th i s ,  i n  p a r t i c u l a r ,  genera tes  t he  R- 
and M-disturbances ! 

Aside from t h e  j u s t  i nd ica t ed  d i f f i c u l t y  (and o the r s  a l s o )  t he  consider- 
ed hypothesis  is  based, so f a r ,  upon q u i t e  l imi t ed  and,  a t  the  s a m e  t i m e ,  i n -  
homogenous material on a c t i v e  reg ions  i n  t h e i r  magnetic phase. Thus, he re  
a g r e a t  amount of work is  s t i l l  imminent. However, a t  the  same t i m e ,  t h i s  
hypothesis  i s  c u r r e n t l y  t h e  most p l a u s i b l e ,  and w e  s h a l l  make use  of i t  as 
a s t a r t i n g  po in t  f o r  t h e  subsequent expounding. 

We s h a l l  begin wi th  the  cons ide ra t ion  of t h e  s t r u c t u r e  of t he  corona 
a t  the  base of corpuscular  streams inducing M-disturbances. Obviously, he re  
our information is  q u i t e  l imi t ed .  However, some of the  po in t s  have t o  be 
noted. 

The M-disturbances are observed i n  a whole series of cases i n  the  absence 
on the  Sun of any somewhat s teady  o p t i c a l  a c t i v i t y .  A t  t h e  same t i m e ,  p r a c t i -  
c a l l y  absent  i s  a l s o  t h e  slowly-varying Sun's radioemission component. There- 
f o r e ,  w e  may consider  t h a t  t he  dens i ty  of coronal  gases  a t  t h e  base  of t he  
considered streams is nea r ly  t h e  same as i n  the  ad jacen t ,  unperturbed corona. 

A s  a l ready  poin ted  out  above, t h e  most c h a r a c t e r i s t i c  coronal  formations 
of t he  a c t i v e  reg ions  i n  t h e i r  las t ,  magnetic,  phase are t h e  P r a y s ,  streamers 
( see  again 1791, and a l s o  F ig .1  of [l]). I n  connection with t h i s  a number of 
au thors  i d e n t i f y  these  streamers ( i . e .  t h e i r  i n t e r p l a n e t a r y  extension)  with 
the  considered corpuscular  streams ( s e e ,  f o r  example, [ll], [331, [131, and 
a l s o  [96 ] ,  where t h e  presence of streamers is connected wi th  t h e  s e c t o r i a l  
s t r u c t u r e  of i n t e r p l a n e t a r y  magnetic f i e l d s ) .  A q u i t e  high s t a b i l i t y  of t h e s e  
streamers is noted i n  [33] and [13] .  Newkirk [13] proposes t h e  following 
sequence (A, B y  C ,  D) of streamers' development, l inked  wi th  t h e  a c t i v e  region 
( see  Fig.10, next  page).  The p r e s e n t l y  discussed streams should be l inked  
wi th  phases C y  and, more p a r t i c u l a r l y  D of streamer development. It is  con- 
s ide red  t h a t  t h e  streamer r e q u i r e s  the  presence of extended reg ions  of oppo- 
s i te  magnetic p o l a r i t y  (shown i n  Fig.10 i n  a schematic fash ion  f o r  t he  phases 
C and D). 

However, w e  have shown i n  s e c t i o n  1 a whole series of d i f f i c u l t i e s  wi th  
which the  corpuscular  hypothes is  of streamers i s  b e s e t .  Apparently,  t hese  
d i f f i c u l t i e s  are a l s o  tak ing  p l ace  f o r  t he  streamers connected wi th  a c t i v e  
regions.  
i n  [25].  It fol lows from Fig.10 and from photographs of e c l i p s e s  t h a t ,  i n  
t h e i r  las t  phase,  streamers have a very  narrow ending ( see  phase D i n  Fig.10).  
This  i s  i n  con t r ad ic t ion  wi th  t h e  f a c t  t h a t ,  i n  a whole series of cases ,  M- 
dis turbances  do n o t  r e v e a l  seasonal  f l u c t u a t i o n s  l inked  wi th  t h e  v a r i a t i o n  
of Bo. 

L e t  us p o i n t  he re  t o  s t i l l  another  d i f f i c u l t y  d iscussed  a t  length 

This  means t h a t  i n  such cases  the  " l a t i t u d i n a l "  e x t e n t  of t he  streams 
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i s  q u i t e  l a rge .  And, gene ra l ly  speaking,  a whole series of f a c t s  d i scussed  
i n  [25]  suggest  t h a t  streamers, viewed as sources  of QSCS of R and M-types 
can not  induce seasona l  f l u c t u a t i o n s  of geomagnetic a c t i v i t y .  F i n a l l y ,  one 
may no te  s t i l l  one more case speaking a g a i n s t  t h e  corpuscular  hypothes is  of 
coronal  streamers. W e  have i n  mind t h e  f a c t  t h a t  t h e  k i n e t i c  temperature 
of coronal  gases  a t  t h e  base  of t h e  streamers is  n o t  h ighe r  (and poss ib ly  
even lower) than  t h e  temperature  of gases  i n  t h e  unperturbed reg ions  of t h e  
s o l a r  corona, ad jacen t  t o  t h e  streamers. 

N 

E W 

S 

Fig. 10 

Model of t h e  assumed evo lu t ion  of a coronal  ray  ( s t r eamer ) ,  l inked  
wi th  t h e  active reg ion ,  a f t e r  G.Newkirk [13] 

L e t  u s  now cons ider  t h e  ques t ion  of o r i g i n  of corpuscular  streams indu- 
c ing  M-disturbances. The absence i n  a number of cases of s t eady  reg ions  of 
o p t i c a l  a c t i v i t y  (enhanced f l o c c u l a r  and coronal  emissions) t h a t  could be  re- 
l a t e d  t o  M-disturbances [ 4 2 ] ,  is  evidence t h a t  i n  t h e  formation process  of 
t h e  considered corpuscular  streams, t h e  temperature  c h a r a c t e r i s t i c s  of t h e  
sources  of gas  outf low do no t  p l ay  any s u b s t a n t i a l  r o l e ,  whi le ,  a t  t h e  same 
t i m e ,  numerous M-disturbances are cha rac t e r i zed  by a very  h igh  energy 
E# e TM * IM (see s e c t i o n  3 ) .  
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What then is the mechanism creating the considered corpuscular streams? 
Apparently, here we are not in a position to speak of some "favorable" condi- 
tions of streams' exit from the Sun during activity minimum. Indeed, as a rule, 
standard and quite "normal" R-disturbances are observed also simultaneously 
with classical M-disturbances in the years of activity minimum. 
some cases, M-disturbances are also observed from 2 to 3 years prior to acti- 
vity minimum (see the strong M-sequences of Di in [67]). 

Further, in 

In connection with the above considerations, there is basis to examine 
the hypothesis 113 that at the foundation of QSCS, and particularly of those 
inducing M-disturbances, some processes of nonthermal character take place. 
Their role is still not quite clear, for here several possibilities are pre- 
sent: a) the processes may intensify the purely thermal gas outflow of the 
solar wind, corresponding to normal coronal temperature, which was considered 
in [2]; b) the processes may induce certain specific conditions inside the 
streams, usually formed by a standard thermal mechanism at normal temperature, 
which enhance the intensity of disturbances; c) the processes may themselves 
induce a sufficiently powerful outflow of corpuscles of various energies. 

At the same time, as one may be induced to believe (see section 31, non- 
thermal processes must develop in sufficiently extended volume of the corona 
of which the center is located above the active region (see again the referen- 
ce on page 22 of the current paper), but whose dimensions exceed those of the 
active region, even in its magnetic phase. Indeed, in this case we are in a 
position to explain in a natural way the origin of great values 
ance duration. 

T of disturb- 

Following are the facts speaking in favor of the existence of the indica- 
ted quasistationary nonthePmal processes in the corona, above the active re- 
gion: 

a) the presence of soft protons, with energies from 3 to 20 MeV, in cor- 
puscular fluxes inducing recurrent magnetic disturbances [go]. The conside- 
ration of the respective graphs shows that the most intense proton fluxes are 
linked with the M-disturbances. A review of the latest research along these 
lines is given in [8]. A series of argumentsarepresented in [8] in favor 
of the fact that the acceleration of 'Isoft'' protons takes place not in inter- 
planetary space, say, in the turbulent boundary layer between comparatively 
rapidly moving gases of the quasistationary stream and the usual gases of 
the ''unperturbed" solar wind, but at the - base of the corpuscular stream near 
the surface of the Sun; 

b) According to [28], the intensity of frozen-in magnetic fields in the 
plasma and the solar wind velocities are distributed in space inside the 
sectorial structure of interplanetary plasma in an analogous fashion. This, 
apparently, is evidence that the plasma acquires its highest velocities on 
the Sun above regions of the sreatest magnetic field. This immediately sug- 
gests the idea that we have to do with a certain acceleration mechanism, of 
which the very existence is linked with the presence of the magnetic field. 
It is true, however, that the intensity of floccular emission is linked with 
solar magnetic fields. Thus we should have admitted that here purely thermal 
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processes of gas outflow take place. However, we have already indicated 
that the most intense M-disturbances are often observed in an almost total 
absence on the Sun of somewhat stable regions with increased coronal and 
floccular emission; 

c) that the specific parts of the Sun, and, possibly, to a certain degree 
its entire surface, may constitute the place of development of some processes 
of nonthermal character, evidence is provided by investigation of X-ray and 
extreme ultraviolet radiations of the Sun [91], [92]. Namely, in a series of 
cases these investigations reveal the presence on the Sun of areas with iriten- 
se radiation in the indicated spectral ranges, whereupon these areas show 110 
notable emission of any kind in the optical range of the spectrum. 

The facts enumerated here, as evidence of the presence inside the solar 
corona of certain, so far unknown, sources of particle acceleration, have a 
direct bearing on those representations about "solar corona autonomy", i. e., 
in the sense of photospheric processes' independence, to which we already 
referred in the section 3 of the present paper. 

The following consideration also speaks in favor of autonomy representa- 
tions (evidently with known limitations). Namely, that according to [641, [81, 
the sectorial structure of interplanetary magnetic fields is linked with the 
distribution of local magnetic fields on the Sun. However, the sectorial 
interplanetary structure reveals a notably greater longitudinal homogeneity 
in the distribution of fields of different signs (positive and negative po- 
larity) than the structure of photospheric field distribution on the surface 
of the Sun. This is evidence of well known independence of processes in 
the photosphere and in the corona. 

Therefore, the question of the possibility that certain quasistationary 
nonthermal processes take place inside the solar corona offers a great inte- 
rest and must be studied by the most different methods, including the radar 
ones. In particular, the results of radar investigations of solar corona are 
presented in 1401, while their possible interpretation, taking into account 
the regularities of the Raman effect, is given in [93]. Moreover, interest 
is aroused also by the question whether a comparatively quasistationary out- 
flow of solar gases takes place also in the lower layers of solar photosphere. 
The discussion of certain data linked with the content of neutral hydrogen in 
interplanetary space, leads to the conclusion that such a possibility should 
not be excluded [ 9 4 ] .  

Contract No.NAS-5-12487 Translated by ANDRE L. BRICWT 
VOLT INFORMATION SCIENCES, INC. 
1145 - 19th St. NW, 
WASHINGTON D.C. 20036. 
Tel: (202) 223-6700 (X-36) 

on 10 - 18 November 1968 



34 

R E F E R E N C E S  

1. 
2. 

3. 
4. 

5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 
14. 

15. 
16. 
17. 

18 

19. 
20. 

21. 
22. 
23. 
24. 

25. 
26. 
27. 

28. 
29. 
30. 

31. 
32. 
33. 

34. 
35. 

E.R. MUSTEL', Space Science Reviews, 3, 139, 1964. 
E. PARKER, "Dynamical processes in the Interplanetary Medium", translation 

izd. "MIR", MOSCOW, 1965. 
E.N. PARKER, Space Science Reviews, 4, 666, 1965. 
"SPACE PHYSICS", edited by D.P. DE GELLI and A. ROZEN, translation, izd. 

E.R. MUSTEL', "Modern Astrophysics", A memorial to Otto Struve, 31, 1967. 
E.R. MUSTEL', "PRIRODA", No.7, p. 13, 1967. 
A.J. DESSLER, Reviews of Geophysics, 5, 1, 1967. 
J.M. WILCOX, Space Science Reviews, 8, 258, 1968. 
G.M. NIKOL'SKIY, "Geomagnetizm i Aeronomiya" 3, 417, 1963. 
E.Ya. BOGUSLAVSKAYA, Trudy GAISH, 19, 1950. 
S.K. VSEKHSVYATSKIY, G.M. NIKOL'SKIY, V.I. IVANCHUK, A.T. NESMEYANOVICH, 
E.A. PONAMAREV, G.A. RUBO, V.I. CHEREDNICHENKO, ''Solar Corona and corpuscular 

outflow of the Sun in outer Space", Kiev, 1965. 
D.E. BILLINGS, "A guide to the Solar Corona", 1965. 
G, NEWKIRK, Annual Review of Astronomy and Astrophysics, 5, 213, 1967. 
D. ANTRACK, L. BIERMANN and Rh. LUST, Annual Review of Astronomy and 

Astrophysics, 2, 327, 1964. 
A.B. SEVERNYY, Izv. Krymskoy Astrofizicheskoy Observatorii, 35, 97, 1966. 
Solar-Geophysical Data, U.S. Department of Commerce, 1967. 
A.B. SEVERNYY, Translations of the International Astronomical Union, Vol. 

"MIR" , 1966. 

XIIA, 1965, p .  755. 
Kh.K. VAN DE HULST, ''SUN", edited by KUYPER, translation, Izd. IL, p. 263, 

1957. 
V.I. IVANCHUK, Bulletin "Solnechnye Dannye", "Solar Data", 1963, No.11, p.51. 
V.I. IVANCHUK, Informatsionnyy Bulleten' ''Materialy mezhdunarodnogo geofizi- 

G.W. PNEUMAN, Astrophys. Journ. 145, 242, 1966. 
H.W. BABCOCK, Astrophys. Journ. 133, 572, 1961. 
R.B. LEIGHTON, Astrophys. Journ. 140, 1547, 1964. 
M. STEENBECK und F. KRAUSE, Zeitschrift f&- Naturforschung, 21a, N.8, 1285, 

E.R. MUSTEL', Astronomicheskiy Zhurnal, 39, 418, 1962. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 39, 619, 1962. 
S.K. VSEKHSVYATSKIY, and G.M. NIKOL'SKIY, Sbornik "Polnye solnechnye zatmeniya 

cheskogo goda", No.6, p. 46, 1964. Kiev. 

1966. 

1952 and 1954 gg" (Total Eclipse of the Sun*of the 
years 1952 and 1954" Izd. Akademii Nauk SSSR, 1958, 
p. 141. 

S.K. VSEKHSVYATSKIY, "The Solar Corona", Symposium of IAU, N. 16, 1963, p.271. 
E.R. MUSTEL', same issue, p.331. 
W.C. BARTLEY, R.P. BUKATA, K.G. MCCRACKEN and U.R. RAO, Journ. of Geoph. Res., 

C.W. ALLEN, Planetary and Space Science, 12, 487, 1964. 
M. DIZER, The Observatory, 82, 250, 1963. 
J.D. BOHLIN, R.T. HANSEN, G.A. NEWKIRK, Abstract for U S ;  Special Meeting 

on Solar Astronomy (October, 1966, Boulder, Colorado). 
G.B. GEL'FREIKH, D.B. KOROL'KOV, T.M.TIMOFEYEVA, Izvestiya GAO, No.184, 1968- 
E.N. PARKER, Astrophy. Journ., 128, 664, 1958. 

71, 3297, 1966. 



35 

36. 
37 * 
38 

39 * 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47 
48 * 
49 
50. 
51. 
52. 
53 
54 
55. 
56. 
57. 
58. 
59, 
60. 
61. 
62 ; 
63. 
64. 
65. 
66. 

67. 
68. 
69. 
70. 

71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 

79 

80. 

E.N. PARKER, Astroph. Journ. 139, 690, 1964. 
V.V. VITKEVICH and B.N. PANOVKIN, Astronomicheskiy Zhurnal, 36, 544, 1959. 
A. KH'WISH, "Paris Symposium 1958, Radioastronomy", translation izd. 

N.F. NESS, J.M. WILCOX, Solar Physics, 2, 35 
J.C. JAMES, Astrophys. Journ., 146, 356, 196 
J. BARTELS, Terrestr. Magnetism and Atm Electr., 37, 1, 1932. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 43, 1121, 1966. 
T. SAITO, Report Ionosph. and Space Res., Japan, 19, 30, 1965. 
E.R. MUSTEL' Astronomicheskiy Zhurnal, 35, 351, 1958. 
E.R. MUSTEL', Doklady AN SSSR, 42, 117, 1944. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 37, 403, 1960. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 42, 473, 1965. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 42, 276, 1965. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 39, 813, 1962. 
C.W. ALLEN, Monthly Not. Roy. Astron. SOC., 104, 13, 1944. 
J.C. PECKER, W.O. ROBERTS, Journ. of Geoph. Res., 60, 33, 1955. 
C.W. SNYDER and M. NEUGEBAUER, Space Research, 4, 89, 1963. 
R. LUST, Solar-Terrestrial Physics, 1967, p.1. 
E.R. MUSTEL', Astronomicheskiy Zhurnal, 39, 41, 1962. 
K.G. McCRACKEN, Journ. of Geoph. Res., 67, 447, 1962. 
K.G. McCRACKEN, and N.F. NESS, Journ. of Geophys. Res., 7'1, 3315, 1966. 
R.P. LIN and K.A. ANDERSON, Solar Physics, 1, 446, 1967. 
J.M. WILCOX, K.H. SCHATTEN, N.F. NESS, Journ. of Geoph. Res., 72, 19, 1967. 
K.H. SCHATTEN and J.M. WILCOX, Journ. of Geoph. Res., 72, 5185, 1967. 
C.W. SNYDER, M. NEUGEBAUER, U.R. RAO, Journ. of Geophys. Res., 68, 6361, 1963. 
J.M. WILCOX, N.F. NESS, Journ. of Geophys. Res., 70, 5793, 1965. 
H.W. BABCOCK and H.D. BABCOCK, Astrophys. Journ. 121, 349, 1955. 
M.B. WOOD, Astrophys. Journ., 124, 447, 1956. 
N.F. NESS and J.M. WILCOX, Astrophys. Journ. 143, 23, 1966. 
E.R. MUSTEL', P.A. MAYSURADZE, "Geomagnetizm i Aeronomiya", 6, 815, 1966. 
A . S .  DVORYASHIN, L.S. LEVITSKIY, Izvestiya Krymskoy Astrofizicheskoy 

Observatorii, 27, 167, 1962. 
E.R. MUSTEL' and O.N. MITROPOL'SKAYA, Astronomicheskiy Zhurnal, 36, 5, 1959. 
A.J. DESSLER and J.A. FEJER, Planetary and Space Science, 11, 505, 1963. 
V. BUMBA and R. HOWARD, Astrophys. Journ., 141, 1502, 1965. 
E.I. MOGILEVSKIY, "Magnitnye polya na solntse i geoeffektivnye korpuskylyarnye 

IL. 1961, p. 263. 

potoki, (Magnetic Fields on the Sun and Geoeffective 
Corpuscular Streams) Moscow, 1966, dissertation. 

E.R. MUSTEL', Astronomicheskiy Zhurnal, 41, 477, 1964. 
J. MEYER, Journ. of Geoph. Res., 71, 2397, 1966. 
R. ROOSEN, Bull. Astr. Inst. Netherlands, 18, 295, 1966 
E.R. MUSTEL', Astronomicheskiy Zhurnal,' 38, 28, 1961. 
V.V. KUBYSHKIN, Astronomicheskiy Zhurnal, 42, 784, 1965. 
E.R. MUSTEL' and S.A. AYVAZYAN, Astronomicheskiy Zhurnal, 38, 227, 1961. 
J. BARTELS, Annales Ge'ophys. 19, 1, 1963. 
A.J. HUNDHAUSEN, J.R. ASBRIDGE, S.J. BAME, H.E. GILBERT and I.B. STRONG, 

K.O. KIPENKHEYER, "Solntse", (SUN) edited by KUYPER, translation, ZL, 

E.I. MOGILEVSKIY, Space Research, IV, 834, 1964. 

Journ. of Geophys. Res., 72, 81, 1967. 

p. 282, 1957. 



36 

81. 
82. 
83. 
84. 

85. 
86. 
87. 
88. 

89. 

90. 

91. 

92. 
93 
94. 
95. 

96. 

J.G. ABLES, E. BAROUCH and K.G. McCRACKEN, Planetary Sp. Sc., 15, 547, 1967. 
V.I. AFANAS'EVA, "geomagnetizm i Aeronomiya", I, 59, 1961. 
V. SARABHAI, Journ. of Geoph. Res., 68, 1555, 1963. 
H. RAZDAN, D.S. COLBURN and C.P. SONETT, Planetary and Sp. Sc. Rev., 13, 

1111, 1965. 
H. HIRSHBERG, Journ. of Geoph. Res., 70; 5353, 1965. 
V.A. KRAT, Doklady AN SSSR, 55, 207, 1947. 
M. NEUGEBAUER, C. SNYDER, Journ. of Geoph. Res., 71, 4469, 1966. 
E.R. MUSTEL', and O.N. MITROPOL'SKAYA, Izv. Krymskoy Astrofizicheskoy 

Observatorii, 18, 162, 1958. 
S. NAGASAWA, Y. NAKAGOMI, Rept. Ionosphere and Space Res., Japan, 19, 

339, 1965. 
D.A. BRYANT, T.L. CLINE, U.D. DESAI, F.B. McDONALD, Phys. Rev. Letters, 

14, N.13, 481, 1965. 
I.A. ZHITNIK, V.V. KRUTOV, L.P. MALYAVKIN, S.L. MANGEL'SHTAM, G.S. CHEREMUKHIN, 

Kosmicheskiye Issledovaniya, 5, 274, 1967. 
J.D. PURCELL, R. TOUSEY and M.J. Koomen, Space Research, 8, 1968. 
I.M. GORDON, Astronomicheskiy Tsirkulyar, No.447, 1967. 
M.A. LIFSHITS, Astronomicheskiy Tsirkulyar, No.418, 1967. 
C.Y, FAN, M. PICK, R. PYLE, J.A. SIMPSON and D.R. SMITH,The Enrico Fermi 

Institute for Nuclear Studies; Reprint N. 67-72, 
August 1967. 

A.S. DVORYASHIN, Material of the 4th ALL-UNIOr; Conference on the study of 
Comets as Indicators of Solar Activity and conditions 
in the Interplanetary Space. (Materiyaly 4-oy Vsesoyznoy 
konferentsii PO izucheniyu komet kak indikatorov solnech- 
noy aktivnosti i ysloviy v mezhplanetnom prostranstve) 
Kiev, 1968. p. 25. 


